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(57) ABSTRACT

The present invention relates to a method for producing ter-
penes in fungi, wherein a terpene biosynthetic gene cluster
having terpene biosynthetic genes and regulatory regions
operably linked to said genes is activated. The invention
relates also to a terpene biosynthetic gene duster and regula-
tory regions of such terpene biosynthetic gene cluster usable
is production of terpenes, use of regulator for regulating the
terpene production and use of Aspergillus nidulans FGSC A4
for producing terpenes. The method of invention provides
higher yields of enriched terpene product without essential
amount of side-products.
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1
METHOD FOR PRODUCING TERPENES

This Application is a National Stage Entry of PCT/F12011/
051001, filed Nov. 14, 2011, which claims the benefit of U.S.
Provisional Application No. 61/412,845, filed Nov. 12, 2010,
and which claims priority to Finnish Patent Application No.
20106190, filed Nov. 12, 2010.

FIELD OF THE INVENTION

This invention relates to a method for producing terpenes
in fungi, a terpene biosynthetic gene cluster, regulatory
regions of such terpene biosynthetic gene cluster, use of tran-
scription factor for regulating the terpene production and use
of Aspergillus nidulans FGSC A4 for producing terpenes.

DESCRIPTION OF RELATED ART

Terpenes are a large group of compounds that have many
pharmaceutical and industrial applications. Terpenes can
function as potential drugs or precursors for pharmaceuticals
or bioactive compounds. Examples for these applications are
antimalarial sesquiterpene amorphadiene and anticancer
diterpene taxol. Monoterpenes, such as limonene, have appli-
cations as jet fuel components.

Bioactive terpenes are commonly purified from plants.
Terpenes are a class biologically produced molecules synthe-
sized from five carbon precursor molecules in a wide range of
organisms. Terpenes are pure hydrocarbons, while terpenoids
may contain one or more oxygen atoms. The terms terpene
and terpenoid are used interchangeably. Problem in the indus-
trial scale production of terpenoids is their structural com-
plexity which makes them expensive to produce by the means
of conventional chemistry. Another concern is the environ-
mental stress caused by terpene purification from harvested
plant material. One way to go around these problems is to
generate microbial hosts that are easily cultured in industrial
conditions. There is an increasing demand for inexpensive
production methods for terpene derived pharmaceuticals.
Heterologous expression organisms such as bacteria, yeasts,
or fungi, would provide the sought-after cost-efficient way to
produce these compounds. One of the problem areas in
genetically engineered fungal hosts is the product outcome of
exogenous genes.

Genes encoding successive steps in a biosynthetic pathway
tend to be clustered together on the chromosome to form
“gene clusters”. The extent of the clustering is highly variable
within and between organisms. Secondary metabolites are
compounds that are not essential for the normal growth of an
organism but that function as defense compounds or signaling
molecules in ecological interactions. Many secondary
metabolites have interesting biological properties, for
example as antibiotics, anticancer agents, insecticides,
immunosuppressants and herbicides. Clustering of the genes
controlling the biosynthesis of these compounds in bacteria is
virtually universal. However, eukaryotic genomes also con-
tain clusters of functionally related but non-homologous
genes [Osborn].

Numerous clusters for the synthesis of secondary metabo-
lites can be found in filamentous fungi. Filamentous organ-
isms contain far more clusters of genes for secondary metabo-
lite biosynthesis than had been predicted from the previously
identified metabolites. Secondary metabolic gene clusters are
self-contained cassettes for metabolite production. They con-
tain genes encoding enzymes that give rise to the skeleton
structures of the different classes of secondary metabolite e.g.
non-ribosomal peptide synthetase (NRPS) enzymes,
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polyketide synthases (PKSs), and terpene synthases, which
arereferred to as ‘signature’ genes/enzymes. The clusters also
contain genes for tailoring enzymes that modify the second-
ary metabolite skeleton, such as oxidoreductases, methyl-
transferases, acyltransferases and glycosyltransferases. In
some cases secondary metabolic clusters also include genes
for pathway-specific regulators and/or for resistance to the
pathway end-product [Osborn].

Expression of secondary metabolic clusters is typically
under environmental and/or developmental control and is
mediated by complex regulatory cascades that relay signals to
the pathway-specific switches. The Zn(I11)2Cys6-type tran-
scription factors function as pathway-specific activators of
secondary metabolite clusters by upregulating the transcrip-
tion of the clustered genes. Clustering of secondary metabo-
lite genes has the potential to facilitate regulation at the higher
level of chromatin. The specific order and position of the
genes within some secondary metabolite clusters could pro-
vide a structural framework that help to determine the timing
and order of gene activation. This process has been proposed
to orchestrate sequential substrate channeling through the
enzymatic steps in the pathway (Roze et. al.) The main selec-
tive advantage for clustering of functionally related genes is
the need to coregulate a set of genes controlling successive
steps in a biosynthetic or developmental pathway. Clustering
facilitates the optimal regulation of a set of biosynthetic
genes.

It has been shown that intergenic regions and the chromo-
somal positioning play a part in optimal gene expression.
Many secondary metabolite clusters are in the subtelomeric
regions of chromosomes, where the heterochromatin tran-
scription is positionally regulated. Some of the clusters resid-
ing in subtelomeric regions are shown to be regulated by the
universal transcriptional activators such as LaeA or AreA,
which react to the environmental stimuli to release the het-
erochromatin regions for translation. The transcription of the
genes in these areas is silenced under normal conditions.
When exogenous genes are randomly integrated into the
genome of the host organism, positional transcription regu-
lation can play arole in the gene expression of the target gene
(Palmer et al).

Apart from unforeseen pleiotropic effects due to gene dis-
ruption by randomly integrated transforming DNA, it has
been suggested that certain chromosomal locations may be
more favorable for heterologous expression than others, per-
haps due to specific interaction with local regulatory ele-
ments, or more generally active native transcription in the
neighbourhood of normally highly expressed genes (Davis et
al.). Certain spatially or temporally regulated Aspergillus
genes—e.g., the aflatoxin cluster (Chiou et al.) and conidium-
specific genes (Miller et al.) show dramatic changes in regu-
latory response when displaced from their original locus, and
locus effects on heterologous expression have also been
reported (Verdoes et al.).

In the paper published by Lubertozzi & Kiesling amorpha-
diene synthase gene from Artemisia annua was transformed
into Aspergillus nidulans. In their approach the product speci-
ficity was greatly reduced in Aspergillus nidulans compared
to the same expression experiments in . coli. The reason for
this was hypothesized to be interfering background activity of
other Aspergillus nidulans secondary metabolite genes,
which are absent in E. coli, or the lack of supporting enzy-
matic activities needed for the modification of the terpenoid
carbon skeleton to amorphadiene.

Bok et al. discloses that over-expression of LaeA in
Aspergillus nidulans induces numerous secondary metabolite
clusters including putative terpenoid clusters.
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WO 2002024865 (Holzman) describe modulation of lov-
astatin production using a Zn2(I1)Cys6-transcriptional acti-
vator residing outside the lovastatin cluster.

WO 2001 021779 (DSM) discloses an identification, clon-
ing and over-expression of a cluster-specific transcription
activator BlaR activating [3-lactam production in filamentous
fungus.

WO 1999 025735 describe over-expression of chimeric
transcription factors to enhance production of secondary
metabolites.

Sakai et al. have introduced citrinin biosynthetic gene clus-
ter of Monascus into Aspergillus oryzae. They were able to
increase the citrinin production by further introducing mul-
tiple copies of activator gene ctnA controlled by Aspergillus
trpC promoter.

Chiang et al. have been able to activate an otherwise silent
polyketide cluster in Aspergillus nidulans by replacing the
promoter of the transcription activator with an inducible pro-
moter.

WO 2010104763 discloses the production of terpenes and
terpenoids using a nucleic acid encoding a terpene synthase.
This is carried out by the expression of biosynthetic genes that
are not part of a single naturally occurring gene cluster, but are
artificially linked to heterologous regulatory regions (pro-
moters). The genes described in this invention are not acti-
vated by a transcription factor.

Similarly, WO 2008039499 discloses a nucleic acid com-
prising a nucleotide sequence encoding a terpene synthase,
WO 0240694 discloses an expression vector comprising spe-
cifically the taxane synthesis pathway, and WO 2007140339
discloses the production of isoprenoids via a biosynthetic
pathway.

Thus, biosynthetic pathways for the production of terpenes
are known. However, none of the cited publications disclose
overexpression of a transcription factor specifically activat-
ing a cluster of genes belonging to a terpene biosynthetic
pathway.

Drawback in the prior-art solution is difficulty in obtaining
high product yields for terpenes. Further drawback is that the
products obtained by microbial fermentation typically con-
tain a major amount of unspecific side products and other
unwanted compounds. In conclusion there is a need for pro-
duction processes of terpenes giving higher yields of enriched
product without essential amount of side-products.

OBIJECTS AND SUMMARY OF THE
INVENTION

It is an aim of the invention to provide a method for pro-
ducing terpenes by microbial fermentation so that the yield of
the product is improved and the product is enriched. Particu-
larly, the aim is to provide a method in which the intrinsic
transcriptional regulation capacity of the fungus is used to
keep the transcriptional regulation of terpene producing
genes at a high level to produce commercially valuable ter-
pene compounds in a microbial host.

These and other objects are achieved by the present inven-
tion as hereinafter described and claimed.

The first aspect of the invention is a method for producing
terpenes in fungi. According to invention the method com-
prises the steps of:

(a) providing a transcription factor activating a terpene
biosynthetic gene cluster having terpene biosynthetic
genes and regulatory regions operably linked to said
genes;

(b) operably linking said transcription factor to a promoter;
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(c) transforming the transcription factor of item (a) oper-
ably linked to the promoter of item (b) to a host cell
carrying a terpene biosynthetic gene cluster as described
in item (a);

(d) cultivating said host in conditions allowing the expres-
sion of the transcription factor activating the cluster; and
optionally

(e) recovering the terpene product.

The second aspect of the invention is a terpene biosynthetic
gene cluster. Characteristic to the cluster is that it essentially
comprises the genes putatively encoding
(a) Zn(II)2Cys6-type transcription factor (AN1599 SEQ ID
NO: 74), a terpene synthase (AN1594 SEQ ID NO: 65), an
HMG-CoA reductase (AN1593 SEQ ID NO: 63), GGPP-
synthase (AN1592 SEQ ID NO: 61) and
(b) optionally translation elongation factor 1-gamma
(AN1595 SEQ ID NO: 67), cytochrome P450 (AN1598 SEQ
ID NO: 73), short-chain dehydrogenase (AN1596 SEQ ID
NO: 69), hypothetical protein with some similarity to meth-
yltransterase (AN1597 SEQ ID NO: 71), the regulatory
regions operably linked to said genes, and optionally an AAA
family ATPase (AN1591 SEQ ID NO: 59) and
(c) regulatory regions operably linked to the genes of item (a)
and to the optional genes of item (b).

Zn(I1)2Cys6-type transcription factor is capable of regu-
lating all pathway genes residing within the terpene biosyn-
thetic gene cluster. Transcription factors originally residing
within the cluster or close to the cluster are preferred as they
can be easily identified. However, after transformation to the
homologous or heterologous host the genomic location of the
inserted transcription factor in relation to the cluster is not
critical.

The third aspect of the invention is regulatory regions of
terpene biosynthetic gene cluster as described here for pro-
duction of terpenes in fungus.

The fourth aspect of the invention is use of the transcription
factor characterized by SEQ ID NO: 1, or a sequence showing
at least 80% identity to one of those for regulating the terpene
production. In a preferred embodiment the degree of identity
to SEQ ID NO: 74 is 82%, 85%, 87%, 90%, 92%, 95%, 98%
or even 99%.

The fifth aspect of the invention is the use of Aspergillus
nidulans FGSC A4 (Glasgow wild type, Fungal Genetic
Stock Center strain A4) for producing terpenes.

The sixth aspect of this invention is a production host that
is usable in the method of this invention. According to the
invention the host comprises a terpene biosynthetic pathway
gene cluster as described above and an introduced transcrip-
tion factor operably linked to a promoter, wherein the tran-
scription factor is capable of activating a terpene biosynthetic
gene cluster. An introduced transcription factor operably
linked to a promoter used in this connection means that the
host cell carries (in addition to possible endogenous tran-
scription factor and promoter) further copy or copies of tran-
scription factor operably linked to a promoter when com-
pared to a host that is not tailored for use within scope of this
invention. The introduced transcription factor and the pro-
moter can be homologous or heterologous to the host.

Seventh aspect of this invention is a process for production
of'terpenes. According to the invention the method comprises
cultivating a production host useful in the method described
here and optionally recovering the product.

So called “AN1599-transformant” or “AN1599-transfor-
mant strain” described herein is Aspergillus nidulans strain
FGSC A4 that has been transformed to carry extra copies of a
Zn(I1)2Cys6 transcription factor AN1599 (SEQ ID NO: 74)
gene under a constitutively active gpd A-promoter. The exog-



US 9,238,826 B2

5
enous gene product (SEQ ID NO: 10) is linearized with Pcil
and transformed into the genome of the host strain. The inte-
gration site and the copy number of the expression construct
are not known.
The embodiments of the invention are disclosed in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Chromosomal areas of predicted terpene synthase
clusters. Pictures adapted from Aspergillus Genome Data-
base (Arnaud et al.) using Genome Browser tool.

FIG. 2. is a schematic representation of a fungal expression
vector for AN1599 (SEQ ID NO: 10)

FIG. 3. is a schematic representation of a fungal expression
vector for AN3250 (SEQ ID NO: 11)

FIG. 4. is a schematic representation of a fungal expression
vector for AN6814 (SEQ ID NO: 12)

FIG. 5 Shows an elevated expression level for the over-
expressed transcriptional activators AN1599; AN3250, and
ANG6814 (bars with vertical lines). Terpene synthase gene
AN1594, AN3252, and AN6814 (solid bars) and a gene cod-
ing for a modifying enzyme from each cluster, AN1598,
AN3253, AN6807 (bars with diamonds), are expressed in
significantly higher levels only in cluster 1. Value shown on
top of each bar represents the fold ratio difference of the
Aspergillus  nidulans transformant-strain compared to
Aspergillus nidulans FGSC A4 wild type-strain. The expres-
sion level of the wild type strain is considered to be 1 for each
gene. Error bars represent the standard deviation in the
expression fold-ratios for three replicates of three individual
samples from each strain.

FIG. 6 shows expression levels of 13 genes in the AN1599
genomic area. Putative terpene cluster genes show signifi-
cantly elevated expression levels in both qPCR and DNA
array analysis. Expression of eight target genes is signifi-
cantly elevated in the Aspergillus nidulans FGSC A4 express-
ing the Zn(I1),Cys,-type transcription factor, AN1599 (SEQ
1D NO: 74), under strong constitutive promoter. The expres-
sion level of the wild type strain is considered to be 1 for each
gene. Error bars for gPCR data represent SEM, Standard
Error of the Mean, for three replicates of three individual
samples from each strain. The significance level for each gene
expression fold ratio of DNA array data was 99% with p-val-
ues =0.01 calculated with student’s T-test using ArrayStar
software.

FIG. 7 is an SPME-Gas Chromatogram for FGSC A4 wild-
type and AN1599-transformant fungus. Upper graph with the
baseline of about 2000 shows the spectrum for FGSC A4
strain with no significant peaks. The lower graph of the
AN1599 strain shows the major peak at about 36 minutes
retention time.

FIG. 8. Mass spectrum of the major peak separated in GC
analysis for AN1599-transformant matches the PAL spectral
library product ent-pimara-8(14),15-diene with 96% similar-
ity.

FIG. 9. shows GC/MS data of the extracts from FGSC A4
and AN1599 transformant strains.

FIG. 10. The changes in the gene expression levels of other
secondary metabolite clusters can be seen with the DNA array
analysis.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

This invention describes the use of naturally occurring
regulatory regions operably linked to biosynthetic genes that
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6

are activated by a single transcription factor and lead to pro-
duction of terpene via several enzymatic reactions. These
enzymes are coded by cluster genes.

Thus, the invention relates to a method for the modulation
of secondary metabolite production of fungi through genetic
manipulation of such fungi. Disclosed is a method using zinc
binuclear cluster, Zn(II)2Cys6, -protein to significantly
increase useful secondary metabolite production. The term
zinc binuclear cluster protein (ZBC-protein) means any gene
encoding a protein having as part of its structure Cys-(Xaa)
2-Cys-(Xaa)6-Cys-(Xaa)5-16-Cys-(Xaa)2-Cys-(Xaa)6-8-
Cys. Generally, the methods according to the invention com-
prise expressing a zinc binuclear cluster protein in a fungus.
Zn(11),Cys4-type transcription factors have a well-conserved
cysteine rich domain that binds two zinc atoms. This DNA
binding domain recognizes CGG triplets in varying orienta-
tions within the promoter region of the target genes.

AN1599 polypeptide is a species of ZBC-protein and
capable of acting as a pathway specific transcription factor for
the production of ent-pimara-8(14),15-diene compound in a
microorganism. [tis characterized by an amino acid sequence
comprising at least a part of SEQ ID NO: 74.

In this invention an activation of upstream crucial precur-
sor synthesis genes, HMG-CoA reductase for isoprenoid syn-
thesis and GGPP-synthase for the diterpenoid backbone syn-
thesis, as well as enzymes needed for the modification of the
final product is provided. By overexpressing transcriptional
activator we can achieve optimal expression levels for all
necessary genes in the pathway.

Function of the genes residing in the cluster was predicted
using homology searches with BLAST and pfam software
programs. HMG-CoA reductase is the rate-limiting enzyme
needed for the production of the isoprenoid precursors in the
mevalonate pathway. GGPP-synthase combines isoprenoid
moieties to form a precursor for diterpenoid backbone. The
terpene synthase gene coding for ent-kaurene/ent-copalyl
type synthase performs two sequential cyclisation steps to
first form ent-copalyl diphosphate from GGPP precursor, and
then diterpene compound pimaradiene from the ent-copalyl
diphosphate. Cytochrome P450, short-chain dehydrogenase
and the hypothetical protein residing in the cluster may func-
tion as decorative enzymes performing oxidation/reduction
reactions and additions of functional groups to the diterpene
structure. Translation elongation factor 1-gamma plays a cen-
tral role in the elongation cycle during protein biosynthesis.
Members of the AAA+ATPases function as molecular chap-
erons, ATPase subunits of proteases, helicases, or nucleic-
acid stimulated ATPases. The AAA+proteins contain several
distinct features in addition to the conserved alpha-beta-alpha
core domain structure and the Walker A and B motifs of the
P-loop NTPases.

Expression cassette, which is encoding a selectable marker
gene and a transcriptional regulator AN1599 polypeptide
operably linked to a promoter and a terminator, is useful for
improving the production of terpenes, especially pimaradiene
compounds in a microorganism such as filamentous fungus,
e.g. Aspergillus nidulans, Aspergillus niger, Neosartorya
fisheri, Microsporum canis or Trichoderma reesei, by trans-
forming the organism with the expression cassette compris-
ing a transcription factor operably linker to a promoter and a
terminator, and selecting the transformed cells with the
selectable marker and an increased production of terpene
compound as compared to non-transformed cells. Trans-
formed host, which is a terpene producing microorganism, is
useful for producing terpene compound by fermentation, and
the terpene compound can optionally be isolated from the
cells or the growth medium. Terpene product can be any
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terpene, diterpenes are preferred and ent-pimara-8(14),15-
diene is the most preferred terpene product.

In one embodiment of the invention terpenes or terpenoids
are produced in fungi by activating a terpene pathway. Basic
idea is to overexpress a positive transcription factor specifi-
cally activating a cluster of genes belonging to a terpene, for
example pimaradiene, biosynthetic pathway. Transcriptional
upregulation of the complete gene cluster will overcome the
challenges of introducing multiple overexpression constructs
for individual biosynthetic pathway genes into a single host
organism. Compared to the traditional systems, where mul-
tiple genes are exogenously introduced to a host and upregu-
lated, this approach benefits from the specific transcriptional
activator capable of upregulating all necessary genes for the
production of a diterpene compound in the host organism. It
has been noted, that a product outcome of an organism with
multiple exogenous genes will rely on the individual expres-
sion levels of each introduced gene. Balancing the expression
levels to achieve optimal product yield can be tricky. Opti-
mizing expression for multiple exogenous genes at the same
time will in many cases create a so-called bottleneck effect,
where insufficient transcriptional activation of one gene will
limit the product yield no matter how high upregulation is
achieved for the rest of the genes in the pathway. When
multiple biosynthetic pathways with similar end products are
activated, existing precursor pool is guided to the biosynthetic
pathway of the synthase gene with the highest expression
level. Thus downregulation of competing pathways can be
beneficial in guiding the product flux toward the desired
compound. The holistic changes in the transcriptome of the
host can be seen in our DNA array study which revealed
downregulation of multiple other secondary metabolite syn-
thase clusters when the terpene cluster was activated (results
shown in FIG. 10). This enables the production of enriched
diterpene product with only minor amount of side products in
the AN1599 transformant. Concentrated main product and
high yield provide an excellent material for industrial use and
possible further purification for intended applications.

In this connection term terpenes means hydrocarbons built
from isoprene units (CH,—C(CH;)—CH—CH,). Terpene
hydrocarbons therefore have molecular formulas (C;Hyg),, and
they are classified according to the number of isoprene units:
hemiterpenes, monoterpenes, sesquiterpenes, diterpenes, trit-
erpenes, and tetraterpenes. In one embodiment the terpenes
are terpenoids, which are terpenes with modifications in their
carbon skeleton, and especially diterpenoids. In one embodi-
ment the terpenes are pimaradienes. Ent-pimara-8(14),15-
diene and its derivatives are preferred embodiments. Ent-
pimara-8(14),15-diene derivatives have been shown to have
antitrypanosomal, antimicrobial, anti-inflammatory and anti-
viral activities and are known to function as Ca-channel
blocker, as well as cholesterol lowering agents. Thus such
products are very valuable material for pharmaceutical indus-
try.

In this connection the phrase “conditions allowing the
expression” means conditions wherein the transcription fac-
tor (for example AN1599 SEQ ID NO: 74) activating the
cluster is under constitutive promoter or under inducible pro-
moter and the micro-organism is cultured in the presence of
the inducer.

In one embodiment the host cell of item carries the terpene
biosynthetic gene cluster having terpene metabolite synthase
genes, and wherein the transcription factor (particularly
AN1599 SEQ ID NO: 74) of the gene cluster is operably
linked to a suitable promoter and transformed to the cell.
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In other embodiment the terpene biosynthetic gene cluster
having terpene metabolite synthase genes is transformed to a
host cell. The host may be heterologous or homologous to the
cluster.

The transcription factor operably linked to a promoter and
activating a terpene biosynthetic gene cluster having terpene
biosynthesis genes, may be homologous or heterologous to
the host cell and/or said gene cluster. After transformation the
host strain may have one or more copies of said transcription
factor and promoter.

Site-directed transformation of the transcription factor
operably linked to a suitable promoter, transformation of
single genes and/or transformation of a whole cluster or trans-
formation of genes of the pathway with the regulatory regions
may be preferred to block translation of the unwanted genes
of the host or to enhance the transcription of the synthetic
pathway genes.

In one embodiment a gene encoding a transporter protein is
included to the production host. The transporter protein can
be within the terpene pathway cluster, it can be natural to the
host or introduced heterologous or homologous transporter.
Transporter molecules represent an active transportation sys-
tem through cellular membranes or for example facilitated
diffusion. They can force ions or small molecules through the
membranes, for example enhance secretion of terpenes. It is
well understood by the skilled person that transporters may
enhance the production of desired product. For example, sev-
eral PDR type transporters as well as transporters of the major
facilitator superfamily (MFS) were up-regulated in the arte-
misinic acid-producing Saccharomyces cerevisiae strain.
These transporters may enhance the export of the terpene
product (Ro et al).

With the DNA array experiment, we noticed that the tran-
scription of numerous transporters and transferases is upregu-
lated in the AN1599 transformant-strain where terpene bio-
synthetic pathway is activated (data not shown). Efficient
transport of precursors and end products will likely be ben-
eficial for the production of secondary metabolites in fungi.

Transcription factor (for example AN1599 SEQ ID NO:
74) can activate the terpene biosynthetic pathway by activat-
ing the pathway genes (upregulation). The upregulation of the
cluster genes by transcription factor (for example AN1599
SEQ ID NO: 74) may also be associated with downregulation
of other secondary metabolite clusters. Other secondary
metabolite pathways might be competing for the precursor
pool needed for the terpene biosynthesis. Hence, the down-
regulation of potentially competing clusters is an advantage
for the specific production of the activated cluster compound.

In this connection the transcription factor (for example
AN1599 SEQ ID NO: 74) is capable of upregulating the
whole terpene pathway. Activation of the pathway increases
the amount of desired final product and decreases impurities
including intermediates. The location of the transcription fac-
tor, such as AN1599 (SEQ ID NO: 74), is not restricted. Inone
embodiment the transcription factor and the promoter are
transformed to the host cell randomly, in another embodiment
the transformation is site-directed. Thus the production host
will have a native transcription factor within the cluster, and
another copy(/ies) of the said transcription factor operably
linked to a promoter located elsewhere in the genome.

The N-terminal region of a number of fungal transcription
factors contain a cysteine-rich motif that is involved in zinc-
dependent binding of DNA. The region forms a binuclear Zn
cluster, in which two Zn atoms are bound by six Cys residues.
Amino acids 45-86 in the transcription factor AN1599 (SEQ
ID NO: 74) form a conserved Zn(I[)2Cys6 DNA-binding
domain.
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Consensus sequence haCdnCrkkKvKCda . .

Match +ac++Cr +Kv+Cd+

AN1599 45-86

Pfam (pfam.janelia.org/) sequence alignment for AN1599
(SEQ ID NO: 74) conserved Zn(I[)2Cys6 DNA-binding
domain.

In one embodiment the transcription factor has a sequence
SEQ ID NO: 74, or a sequence showing at least 80% identity
to SEQ ID NO: 74. In a preferred embodiment the transcrip-
tion factor has a sequence characterized by SEQ ID NO: 74,
or a sequence showing at least 85%, 88%, 90%, 92%, 95%,
98% identity to SEQ ID NO: 74.

The promoter should be suitable to the host and preferably
effective in cultivation conditions. Typically the promoter is
homologous to the production host but also heterologous
promoter can be used. The promoter can be a constitutive or
an inducible promoter. An inducible promoter is especially
advantageous when the final product or one or more of the
intermediates is (are) harmful or toxic to the production host
and controlled expression is preferred. Examples of suitable
constitutively active promoters are promoters such as
Aspergillus nidulans glyceraldehyde-3-phosphate dehydro-
genase (gpdA), and tryptophan biosynthesis gene trpC.
Examples of suitable inducible promoters include nitrate
reductase (niaD) promoter, alcohol dehydrogenase (alcA)
promoter, acetamidase (amdS), and heterologous inducible
promoters such as Penicillium chrysogenum endoxylanase
(xyIP). In one embodiment the promoter is Aspergillus nidu-
lans gpdA promoter. In one embodiment the promoter is
Aspergillus glucoamylase (glaA) promoter.

The host cell can be heterologous or homologous to one or
more of the genes encoding transcription factor, promoter and
the genetic cluster. Any production host can be used but
preferably the host is a microbial cell such as fungus, yeast or
bacterium, more preferably a fungus and still more preferably
a filamentous fungus. Examples of suitable fungal host are
Aspergillus,  Penicillium,  Trichoderma,  Neurospora,
Fusarium and Neosartorya. In one embodiment the host is
Aspergillus, Penicillium or Trichoderma and in a preferred
embodiment Aspergillus nidulans. Especially preferred host
is Aspergillus nidulans homologous to the cluster. In one
embodiment the host cell is Aspergillus nidulans FGSC A4.

In the experimental section we describe AN1599-transfor-
mant strain that is Aspergillus nidulans strain FGSC A4 that
has been transformed to carry extra copies of a Zn(II)2Cys6
transcription factor AN1599 (SEQ ID NO: 74) gene under a
constitutively active gpdA-promoter. The exogenous gene
product (SEQ ID NO:10) is linearized with Pcil and trans-
formed into the host genome of the host strain. The integra-
tion site and the copy number of the expression construct are
not known.

Transformation and selection of transformants can be per-
formed by methods known in the art. One example is trans-
formation by protoplasting and selection using glufosinate
ammonium. Stable transformation is obtained when the
expression cassette is integrated to the chromosomal DNA of
the host. However, also episomal plasmids and other non-
integrated constructs are within this invention.

A gene cluster is a set of two or more genes that serve to
encode proteins needed for the biosynthesis of a product. In
one embodiment of the invention the terpene biosynthetic
gene cluster is obtained from species Aspergillus, Neosarto-
rya or Microsporus, preferably Aspergillus nidulans,
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. kkPaCsnCkklnleCtfyse
+ P C +C+k++++C++

RACQSCRASKVRCDQPNPGMP - CLRCQKSGKPCVDAAS

Aspergillus niger, Neosartorya fischeri or Microsporum
canis. Aspergillus nidulans and especially Aspergillus nidu-
lans FGSC A4 are most preferred.

In another embodiment the cluster comprises essentially
the genes encoding proteins characterized by
SEQID NO: 74 or a sequence having at least 80%, preferably
at least 85%, 90%, 95% or even 98% degree of identity to
SEQ ID NO: 74 (AN1599), or an active fragment thereof.
SEQID NO: 65 or a sequence having at least 88%, 90%, 95%
or even 98% degree of identity to SEQ ID NO: 65 (AN1594),
or an active fragment thereof.

SEQID NO: 63 or a sequence having at least 90%, preferably
at least 95%, 97% or even 98% degree of identity to SEQ ID
NO: 63 (AN1593), or an active fragment thereof.

SEQID NO: 61 or a sequence having at least 86%, preferably
at least 90%, 95%, 97% or even 98% degree of identity to
SEQ ID NO: 61 (AN1592), or an active fragment thereof.
SEQID NO: 67 or a sequence having at least 90%, preferably
at least 93%, 95%, 97%, 98% or even 99% degree of identity
to SEQ ID NO: 67 (AN1595), or an active fragment thereof.
SEQID NO: 73 or a sequence having at least 94%, preferably
at least 95%, 97% or even 98% degree of identity to SEQ ID
NO: 73 (AN1598), or an active fragment thereof.

SEQID NO: 69 or a sequence having at least 90%, preferably
at least 93%, 95%, 97%, 98% or even 99% degree of identity
to SEQ ID NO: 69 (AN1596), or an active fragment thereof.
SEQID NO: 71 or a sequence having at least 90%, preferably
at least 93%, 95%, 97%, 98% or even 99% degree of identity
to SEQ ID NO: 71 (AN1597), or an active fragment thereof
and optionally

SEQID NO: 59 or a sequence having at least 50%, preferably
at least 60%, 70%, 75%, 80%, 85%, 90% or even 95% degree
ofiidentity to SEQ ID NO: 59 (AN1591) or an active fragment
thereof, and regulatory regions operably linked to said genes.

In another embodiment the cluster comprises the genes
encoding proteins as listed and characterized above. In still
further embodiment the cluster comprises the genes encoding
proteins (AN1599 SEQ ID NO: 74), (AN1594 SEQ ID NO:
65), (AN1593 SEQ ID NO: 63), (AN1592 SEQ ID NO: 61),
(AN1595 SEQ ID NO: 67), (AN1598 SEQ ID NO: 73),
(AN1596 SEQ ID NO: 69), and (AN1597 SEQIDNO: 71) as
listed and characterized above.

“An active fragment” means a fragment having all the parts
needed for completing the function typical for the protein.

In this connection the phrase “comprises essentially”
means that at least genes encoding the proteins needed for
terpene production are included. In this connection at least
genes encoding Zn(II)2Cys6-type transcription factor
(AN1599 SEQID NO: 74), a terpene synthase (AN1594 SEQ
ID NO: 65), an HMG-CoA reductase (AN1593 SEQ ID NO:
63), GGPP-synthase (AN1592 SEQ ID NO: 61), and regula-
tory regions operably linked to said genes should be included.

Thus, cluster fragments can also be used.

Organization of the genes within the biosynthetic pathway
gene cluster is not critical, e.g. Aspergillus nidulans and
Neosartorya fisheri carry the respective genes but the order of
the genes is different.

Thus, any combination of cluster fragments can be used.

As used in the present context the term “identity” refers to
the global identity between two amino acid sequences com-
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pared to each other from the first amino acid encoded by the
corresponding gene to the last amino acid. For the purposes of
the present invention identity is preferably determined by
means of known computer programs using standard algo-
rithms. An example of such a program is NCBI BLAST;
BLASTp (comparison of known protein sequences, amino
acids), BLASTn (comparison of nucleic acid sequences),
BLASTX (comparison of translated nucleic acid sequences
against know protein sequences).

In this connection the term “synthase genes” means
gene(s) encoding the terpene cyclase and all genes encoding
enzymes that are needed in modification of terpene. HMG-
CoA reductase is the rate-limiting enzyme in the isoprenoid
precursor biosynthesis, and therefore indispensable for the
synthesis of terpenes. Sufficient synthesis of precursor mol-
ecules critically impacts the yield of the desired metabolite.
Increasing the amount of biosynthesis genes without the acti-
vated upstream precursor synthesis will not affect the yield of
the product. When also the precursor pathway is activated it is
possible to achieve optimal production levels for the target
metabolite.

Two DNA sequences are operably linked when the func-
tion of the promoter results in transcription. An operable
linkage is a linkage in which a sequence is connected to a
regulatory sequence (or sequences) in such a way as to place
expression of the sequence under the influence or control of
the regulatory sequence.

In this connection the regulatory areas for the cluster genes
are naturally occurring within the host organism. The tran-
scriptional control regions are associated with the coding
region in nature. These regulatory areas are under influence or
control of a transcription factor. For example, the DNA bind-
ing domain of transcription factor AN1599 (SEQ ID NO: 74)
recognizes CGG triplets or other sequence stretches in vary-
ing orientations within the promoter region of the target genes
in the biosynthetic cluster area (SEQ ID NO:57) thus activat-
ing the transcription of said genes. The CGG triplets or other
sequence stretches affecting binding of the transcription fac-
tor have not been identified for each gene. However, the
promoter areas within the identified cluster are specific for the
transcriptional activation by the transcription factor AN1599
(SEQ ID NO: 74). The naturally occurring regulatory regions
included within SEQ ID NO:57 can be used with the
expressed transcription factor to promote the transcription of
the ORFs within the cluster. The regulatory region may con-
tain various elements, for example promoter(s), enhancer(s),
repressor(s) or other sequences that regulate transcription or
translation. A regulatory region can be exogenous or endog-
enous in relationship to the host organism. The regulatory
regions for the cluster genes described herein (SEQ ID
NO:57) are endogenous as well as naturally occurring in
relation to coding regions of the genes described.

The promoter used in the overexpression of the transcrip-
tion factor AN1599 (SEQ ID NO: 74) described herein is
endogenous but not naturally occurring. The promoter is
operably linked to a coding sequence. The promoter used in
the overexpression of the transcription factor can also be
heterologous. As used herein, the terms “heterologous pro-
moter” and “heterologous control regions” refer to promoters
and other control regions that are not normally associated
with a particular nucleic acid in nature. The fungal strain
overexpressing AN1599 (SEQ ID NO: 74) described herein
also contains natural regulatory region(s) that are associated
with the coding region of AN1599 (SEQ ID NO: 74) in nature.
The mechanism of upregulation of AN1599 (SEQ ID NO: 74)
transcription factor through its natural regulatory regions is
not known. Activation of the pimaradiene cluster described
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herein by activation of AN1599 (SEQ ID NO: 74) through its
naturally occurring regulatory region(s) is within the embodi-
ments of this invention.

In a biosynthetic gene cluster the regulatory regions
between the enzyme/protein encoding regions comprise pro-
moters, terminators and regions to which various regulatory
factors are able to attach. The terms “DNA regulatory
sequences”, “control elements”, and “regulatory elements”
used interchangeably herein, refer to transcriptional and
translational control sequences, such as promoters, enhanc-
ers, polyadenylation signals, terminators, protein degradation
signals, and the like, that provide for and/or regulate expres-
sion of a coding sequence and/or production of an encoded
polypeptide in a host cell. In one embodiment the regulatory
regions are those characterized by SEQ ID NO: 57, or a
sequence having at least 40%, preferably at least 50%, 60%,
70%, 80% or even 90% degree of identity to said SEQ ID NO:
57 without fractions encoding the synthetic proteins.

It is also embodiment of the invention to use the transcrip-
tion factor for production of diterpenoids, preferably pimara-
diene or its derivates, and especially ent-pimara-8(14),15-
diene or its derivatives.

One embodiment is the use of Aspergillus nidulans FGSC
A4 for producing terpenes using the method as described here
and illustrated in the experimental part.

The invention is illustrated by the following non-limiting
examples. It should be understood, however, that the embodi-
ments given in the description above and in the examples are
for illustrative purposes only, and that various changes and
modifications are possible within the scope of the invention.

EXAMPLES
Example 1

Locating the Terpenoid Clusters in Different
Filamentous Fungi and the Selection of the Clusters
to be Studied

Protein sequences of 33 fungi (Arvas et al.) were mapped to
their respective genome sequences by BLAST (Altschul et
al.) in order to find genomic co-ordinates for each gene. From
the gene co-ordinates windows of 16 and 30 consecutive
genes along chromosomal sequence were calculated, moving
the window along chromosome with increments of 2 and 5
genes, respectively, to cover all 33 genomes with overlapping
windows. For each window its protein domain content i.e.
InterPro (Mulder et al.) identifier content was determined
based on protein domains of individual genes derived from
InterPro data of Arvas et al. All windows containing identifi-
ers IPR0O08949 ‘Terpenoid synthase’ and IPRO08930 “Terpe-
noid cyclase’ were found, and the list of these windows was
used as source for selecting gene clusters for laboratory
manipulations.  Alternatively ~ windows  containing
IPR008930, IPR001128 ‘Cytochrome P450” and IPR001138
‘Fungal transcriptional regulatory protein’ were looked for.
Data manipulations and visualizations were carried out with
custom R (www.r-project.org/) & Perl (www.perl.org/)
scripts.

Clusters with a putative diterpenoid synthase gene located
close to a fungal Zn(1I),Cys,-type transcription factor were
identified. The clusters chosen for further analysis also
included putative Cytochrome P450-genes as well as
enzymes predicted to participate in terpenoid precursor syn-
thesis or modification of the terpenoid product. The three
selected clusters from Aspergillus nidulans did not reside in
the immediate vicinity of another secondary metabolite syn-
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thase gene, such as polyketide synthase, thus avoiding the
study of hybrid metabolite clusters. The transcription factors
from the three selected clusters were AN1599 (SEQ ID NO:
1), AN3250 (SEQ ID NO: 2) and AN6814 (SEQ ID NO: 3).
Similar clusters were also found in Neosartorya fischeri,
Microsporum canis, Trichoderma reesei, Neurospora crassa,
Aspergillus clavus, Aspergillus fumigatus, Aspergillus niger,
Aspergillus oryzae, Aspergillus terreus, Botrytis cinerea,
Magnaporthe grisea, Fusarium graminearum, and Fusarium
oxysporum, and the terpenoid clusters were mapped in Ash-
bya gossypii, Candida albicans, Candida glabrata, Candida
guilliermondii, Candida lusitaniae, Chaetomium globosum,
Debaryomyces hansenii, Kluyveromyces lactis, Pichia pas-
toris, Pichia stipitis, Saccharomyces castellii, Saccharomy-
ces cerevisiae, Sacchavomyces kluyveri, Yarrowia lipolytica,
Coprinus cinereus, Cryptococcus neoformans, Phanerocha-
ete chrysosporium, Coccidioides immitis, Schizosaccharo-
myces pombe, Sclerotinia sclerotiorum, Stagonospora
nodorum, Ustilago maydis, and Rhizopus oryzae.

FIG. 1 shows chromosomal areas of predicted terpene syn-
thase clusters. Pictures are adapted from Aspergillus Genome
Database (Arnaud et al.) using Genome Browser tool.

Example 2

Cloning of the Selected Transcription Factorsin
Fungal Expression Constructs

Genomic DNA was extracted by homogenizing 300-500
mg of FGSC A4 mycelia grown over night in YES-medium.
500 ulL. of glass beads (Acid-washed glass beads, cat #G8772,
Sigma), 500 ul. 1xTE-buffer, pH 7.5 and 500 ul. phenol-
chloroform-isoamyl alcohol was added to 2 ml. vial with
mycelia and homogenized in Fast Prep-homogenizer at speed
6 for 25 seconds. Aqueous layer was separated with 5 minute
centrifugation at 15 000 rpm at 4° C., and 650 pL of phenol-
chloroform-isoamyl alcohol was added. DNA purification
from the aqueous phase was continued according to phenol
extraction and ethanol precipitation of DNA-protocol (Cur-
rent Protocols in Molecular Biology). Concentration of the
DNA was measured with Nanodrop (Thermo Scientific).

Open reading frames (ORFs) of AN1599 (SEQ ID NO: 1),
AN3250 (SEQ ID NO: 2) and AN6814 (SEQ ID NO: 3) were
amplified with PCR using 43 ng of genomic DNA extracted
from Aspergillus nidulans FGSC A4 as template. Primer con-
centration was 300 nM for both sense and anti-sense primers
in 50 uL total volume. PCR was done according manufactur-
er’s protocol with Expand High Fidelity PCR System (Cat
#11 732 650 001, Roche). Primers used in the PCR for
Aspergillus nidulans AN1599 were SEQ ID NO: 4 and SEQ
ID NO: 5, primers used in the PCR for Aspergillus nidulans
AN3250 were SEQ ID NO: 6 and SEQ ID NO: 7, and primers
used in the PCR of Aspergillus nidulans AN6814 were SEQ
ID NO: 8 and SEQ ID NO: 9. Oligos were synthesized at
0.025 scale and purified by desalting at Sigma-Aldrich.

Amplification for AN1599 and AN6814 was done in ther-
mal cycler with following parameters: 1 cycle at 95° C. for 5
minutes, 30 cycles at 94° C. for 15 seconds, 68° C. for 30
second, and 72° C. for 2 minutes, 1 cycle at 72° C. for 7
minutes, and cool down at +4° C. Amplification of AN3250
was done with following parameters: 1 cycle at 95° C. for 5
minutes, 30 cycles at 94° C. for 15 seconds, 63° C. for 30
second, and 72° C. for 1 minute 20 seconds, 1 cycle at 72° C.
for 7 minutes, and cool down at +4° C. Fragments were
checked on agarose gel and cloned into pCR 2.1 TOPO-
vector (Cat #K4510-20, TOPO TA Cloning® Kit (with pCR
2.1 TOPO-vector), Invitrogen) according to manufacturer’s
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protocol. Full-length genomic AN1599 was digested from
pCR2.1 TOPO-vector with Spel (cat #R0133S, New England
Biolabs, Inc.), and AN3250 and AN6814 were digested with
both Spel and Apal (cat #R0114S, New England Biolabs,
Inc.). All fragments were sub-cloned into pKB1-vector.

pKB1-vector was constructed by adding PCR-amplified
glufosinate ammonium resistance gene, bar, into Notl-site of
modified pAN52-1Notl-vector (Kuorelahti et al.). bar-frag-
ment had been PCR amplified from pTJK1 (Jones et al.) with
added Notl-sites on both ends of the fragment. The fragment
contains Aspergillus nidulans trpC promoter upstream of bar-
resistance gene. AN1599-fragment was cloned into the Spel-
site of pKBI1 (SEQ ID NO: 10), and AN3250 and AN6814
were cloned into the Spel and Apal-sites of pKB1-vector
(SEQ ID NO: 11 and SEQ ID NO: 12 respectively). All
constructs were sequence-verified before transformations.
Schematic representations of the expression vectors for
AN1599, AN3250 and AN6814 are shown as FIGS. 2, 3 and
4, respectively.

Example 3

Generating the Fungal Strains Overexpressing the
Transcription Factor

Conidia of Aspergillus nidulans strain FGSC A4 Glasgow
wild type (veA+) (Fungal Genetics Stock Center, School of
Biological Sciences, University of Missouri, Kansas City,
5007 Rockhill Road, Kansas City, Mo. 64110, USA) were
inoculated in YES-medium supplemented with gelatine [20 g
Bacto™ Yeast Extract (Cat #212750, Becton, Dickinson and
Company), 40 g sucrose (Calbiochem Cat #573113) and 30 g
Difco™ Gelatin (Cat #214340, Becton, Dickinson and Com-
pany) per liter of dH,O], and grown at +24° C. in shaking
flasks over night with 250 rpm. Cultures were transferred to
+30° C. shaker the next morning and the grown with 250 rpm
for 2 hours. Protoplasts were prepared from Aspergillus nidu-
lans FGSC A4 mycelium, that was filtered through sterile
Miracloth, and rinsed with +37° C. dH,O, and room tempera-
ture citrate buffer [0.8 M KCl, 0.05 M Na-citrate, pH 5.8].
Filtrated mycelium was resuspended in 100 ml of room
temperature citrate buffer supplemented with 1 mM
dithiotreitol and 50 ml. of 3% enzyme-solution[1.5 g of
Hydrolyzing enzymes from T7richoderma harzianum, cat
#1.1412, Sigma in 50 mL of citrate buffer]| was added. Proto-
plasting was done at +30° C. for 2.5 hours shaking at 100 rpm,
and protoplast formation was monitored under microscope at
50 minute-, and 1.5 hour-time-points during the enzyme
treatment. Suspension was cooled on ice for 10 minutes and
then filtered through sterile Miracloth to a sterile flask, and
the protoplast suspension was transferred to 50 mL conical
tubes. Protoplasts were centrifuged at 1500xg for 5 minutes at
+4° C. in a tabletop centrifuge, and supernatant was dis-
carded. Pelleted protoplasts were washed with cold GTC-
buffer [1 M glucose, 50 mM CaCl,, 10 mM Tris-HCl, pH 5.8],
centrifuged at 1500xg for 5 minutes at +4° C. in a tabletop
centrifuge, and resuspended in 600 ul. of GTC. 600 pL of
40% glycerol was added and protoplasts were stored at —80°
C. until transformation.

Selective plates for the transformation were prepared with
modified minimal medium (MM) (Kaminskyj). 1 liter of MM
was supplemented with 1 mL of Triton x-100 (Cat #93418,
Fluka Analytical), 18 g of Difco™ Agar Noble (Cat #214230,
Becton, Dickinson and Company), and 200 pg/mlL. of glufo-
sinate ammonium (Cat #45520, Glufosinate-ammonium,
PESTANAL®, Sigma-Aldrich). Glufosinate ammonium was
added to cooled solution after autoclaving. Top agar used in
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the transformations was prepared without Triton x-100 in
minimal medium supplemented with 2% agar and 200 pg/ml.
of glufosinate ammonium. Selective MM-plates were also
used for the subsequent selection of the transformants.

Protoplast suspension was thawed on ice and 400 pul, of the
suspension was transferred to a 15 mL tube. Glycerol was
washed out with 2 mL of cold GTC, and protoplasts were
suspended in 180 pL of cold GTC. 20 pug of the expression
plasmids were linearized with Pcil (cat #R0655S, New
England Biolabs Inc.) at +37° C. for 1.5 hours. Linearized
DNA was precipitated at —=80° C. for 15 minutes after adding
dH,O up to 100 uL, 10 uL of 3 M NaAc (sodium acetate), pH
4.8, and 275 ulL of 94% EtOH. Precipitated DNA was col-
lected by 5 minute centrifugation at 15 000 rpm at +4° C.,
washed with 70% EtOH and re-suspended in 20 pl, of GTC.
DNA was added to protoplasts and mixed by tapping the tube.
50 pL of PEG-solution[25% PEG6000, 50 mM CaCl,, 10
mM Tris-HCI, pH 7.5] was mixed with protoplast and DNA
and the tubes were incubated on ice for 20 minutes. 2 mL of
PEG-solution was added, and the transformation solution was
transferred to 15 mL vial. The vial was incubated at room
temperature for 5 minutes, 4 mL of RT GTC was added, and
tubes mixed by inverting. 6 ml, of +55° C. top agar was
supplemented with 1.2 mg of glufosinate ammonium and
added to 6 mL of transformation mix. Vials were mixed by
inverting and the top agar with transformed protoplasts was
poured on selective minimal medium (MM)-plates.

Plates were incubated at +30° C. until transformed colonies
were visible. Colonies from transformation plates were
picked on the selective MM-plates, diluted to single-nucle-
ated colonies and the insertion of the expression constructs
was verified with PCR from the genomic DNA of'the selected
clones. Sense primer used for the checking of the expression
cassettes was SEQ ID NO: 13, and the gene-specific antisense
primer for Aspergillus nidulans AN1599 was SEQ ID NO:
14, for AN3250 SEQ ID NO: 15, and for AN6814 SEQ ID
NO: 16. PCR-confirmed positive clones were grown on
potato dextrose plates [37 g of Difco™ Potato Dextrose Agar
per liter of dH,O] until the spore collection. Spores of the
transformant fungi were collected into 0.8% NaCl, 0.025%
Tween-20 and 20% glycerol, and stored at —80° C.

Example 4

Real-Time PCR Analysis to Check the Expression of
the Integrated Transcriptional Activators and Two
Target Genes from Each Cluster

Transformant spores collected from potato dextrose plates
were inoculated in YES-media and grown to confluency in
shaking flasks at +30° C. 250 rpm. Mycelium was harvested
to sterile Miracloth (#475855, Calbiochem) by vacuum fil-
tration, rinsed with +37° C. dH,0O, and three 100 puL batches
of each culture were scooped into 1.5 mL microfuge tubes,
flash frozen in liquid nitrogen and stored at —80° C. until RNA
extraction.

Three RNA extractions were done from each transformant
culture to have statistical variation within the sample prepa-
ration. RNA was extracted from 100 L of frozen mycelium,
which was homogenized in 450 pl. RLT-buffer (RNeasy®
Plant Mini Kit, Cat #74904, Qiagen) supplemented with
b-mercaptoethanol using pestle and motor mixer (VWR™
Disposable Pestle, Cat #47747-358, Pellet Mixer, Cat
#47747-370). Samples were further homogenized with
QiaShredder column (RNeasy® Plant Mini Kit, Cat #74904,
Qiagen), and the RNA extraction protocol was continued
following RNeasy® Plant mini Kit-protocol. Genomic DNA
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was removed from the samples using RNase-Free DNase Set
(Cat#79254, Qiagen) following the DNase Digestion of RNA
before RNA Cleanup-protocol. RNA was quantified spectro-
photometrically using Nanodrop (Thermo Scientific), and the
quality of the RNA was checked with agarose gel electro-
phoresis.

c¢DNA synthesis was done following the protocol of Tran-
scriptor First Strand cDNA Synthesis Kit (Cat #04 897 030
001, Roche) with 5 pug of total RNA as template. cDNA was
stored at —20° C. until analysis. Each sample was tested in
three replicates to see the variation in quantitative PCR reac-
tion set-up. Real-time quantitative PCR analysis reactions
were set up using the protocol for LightCycler® 480 SYBR
Green I Master mix (Cat #04887352001, Roche), and ana-
lyzed in LightCycler® 480 Instrument (Roche). The 15 pl.
reactions were prepared in LightCycler® 480 white Multi-
well Plate 96 (Cat #04729692001, Roche) using 0.5 uM con-
centration of the primers.

Each transformant strain was tested with qPCR to see, if
the integrated transcriptional activators have higher expres-
sion levels, than the FGSC A4 wild type strain. In addition to
checking the success of the transformant generation, the acti-
vation of the clustered genes was checked with the primers
specific to the genes putatively encoding a terpene synthase,
and one modifying enzyme from each cluster.

PCR parameters for AN1599, AN1594, AN1598, AN3250,
AN3252 and AN3253 were: Pre-incubation: 5 minutes at 95°
C. with a ramp rate of 4.4° C./s; Amplification for 50 cycles:
95° C. for 10 seconds with a ramp rate of 4.4° C./s, 60° C. for
10 seconds witha ramp rate 0of2.2° C./s, 72° C. for 10 seconds
with a ramp rate of 4.4° C./s; Melting curve: 95° C. for 5
seconds with a ramp rate 0f4.4° C./s, 65° C. for 1 minute with
a ramp rate of 4.4° C./s and then continuously to 97° C.;
Cooling at 40° C. for 10 seconds with a ramp rate of 1.5° C./s.
The primers used in quantitative PCR analysis were SEQ ID
NO: 17 and SEQ ID NO: 18 for Aspergillus nidulans p-actin,
SEQ ID NO: 19 and SEQ ID NO: 20 for AN1599, SEQ ID
NO: 21 and SEQID NO: 22 for AN1594, SEQ ID NO: 23 and
SEQ ID NO: 24 for AN1598, SEQ ID NO: 25 and SEQ ID
NO: 26 for AN3250, SEQ ID NO: 27 and SEQ ID NO: 28 for
AN3252, SEQ ID NO: 29 and SEQ ID NO: 30 for AN3253.

PCR parameters for AN6810, AN6814 and AN6807 were:
Pre-incubation: 5 minutes at 95° C. with a ramp rate of 4.4°
C./s; Amplification for 50 cycles: 95° C. for 10 seconds with
aramp rate of4.4° C./s, 57° C. for 10 seconds with a ramp rate
of' 2.2° C.Js, 72° C. for 10 seconds with a ramp rate of 4.4°
C./s; Melting curve: 95° C. for 5 seconds with a ramp rate of
4.4°C./s,65°C. for 1 minute with a ramp rate 0of4.4° C./s and
then continuously to 97° C.; Cooling at 40° C. for 10 seconds
with a ramp rate of 1.5° C./s. Primers used in quantitative
PCR analysis were SEQ ID NO: 31 and SEQ ID NO: 32 for
ANG6814, SEQ ID NO: 33 and SEQ ID NO: 34 for AN6810,
SEQ ID NO: 35 and SEQ ID NO: 36 for AN6807. The
expression levels were normalized to the levels of p-actin
expression in each sample.

Efficiencies for each primer set were calculated from serial
dilutions of the template cDNA, and the expression fold ratios
were quantified using pfaffl-equation (Pfaffl). The results are
shown is FIG. 5.

Albeit the high expression of Aspergillus nidulans tran-
scription factors AN3250 (2676.85-fold higher than the
Aspergillus nidulans FGSC A4 control) and AN6814
(7848.1-fold higher than the control) in their corresponding
transformant strains, the expression levels of the predicted
target genes were not significantly elevated. In the Aspergil-
lus nidulans AN1599-transformant strain, the approximately
100-fold expression of the transcription factor was sufficient
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to significantly activate the two predicted target genes
AN1594 (11088-fold higher expression than in the control
and AN1598 (3746.9-fold higher than in the Aspergillus nidu-
lans FGSC A4 control). Aspergillus nidulans AN1599-trans-
formant strain was chosen for the subsequent experiments.

Example 5

Identifying the Cluster Limits with Quantitative
Real-Time PCR Analysis (qPCR)

Expression of 13 genes in the genomic area of AN1599 was
quantified with qPCR in Aspergillus nidulans AN1599-trans-
formant and FGSC A4 to see which of the genes respond to
the over-expression of the transcription factor. Total RNA
extraction and cDNA synthesis-protocol, and the primers for
AN1594, AN1598, and AN1599 were the same as in Example
5. Expression of AN1588 was checked with primers SEQ 1D
NO: 37 and SEQ ID NO: 38, AN1589 with primers SEQ ID
NO: 39 and SEQ ID NO: 40, AN1590 with primers SEQ ID
NO: 41 and SEQ ID NO: 42, AN1591 with primers SEQ ID
NO: 43 and SEQ ID NO: 44, AN1592 with primers SEQ ID
NO: 45 and SEQ ID NO: 46, AN1593 with primers SEQ ID
NO: 47 and SEQ ID NO: 48, AN1595 with primers SEQ ID
NO: 49 and SEQ ID NO: 50, AN1596 with primers SEQ ID
NO: 51 and SEQ ID NO: 52, AN1597 with primers SEQ ID
NO: 53 and SEQ ID NO: 54, AN1600 with primers SEQ ID
NO: 55 and SEQ ID NO: 56.

The PCR parameters were: Pre-incubation: 5 minutes at
95° C. with a ramp rate of 4.4° C./s; Amplification for 50
cycles: 95° C. for 10 seconds with a ramp rate of4.4° C./s, 55°
C. for 10 seconds with a ramp rate of' 2.2° C./s, 72° C. for 10
seconds with a ramp rate of 4.4° C./s; Melting curve: 95° C.
for 5 seconds with a ramp rate 0f4.4° C./s, 65° C. for 1 minute
with a ramp rate of 4.4° C./s and then continuously to 97° C.;
Cooling at 40° C. for 10 seconds with a ramp rate of 1.5° C./s.

All expression values were normalized with p-actin
expression and the fold-ratios of the Aspergillus nidulans
AN1599-transformant were compared to those of the
Aspergillus nidulans FGSC A4 wild type fungus. Primer effi-
ciencies and the expression fold ratios were calculated as in
Example 5. The results are shown is FIG. 6.

Genes belonging to the putative diterpene secondary
metabolite cluster were identified with quantitative real-time
PCR and DNA array expression analysis. The genes in the
cluster are AN1592, AN1593, AN1594, AN1595, AN1596,
AN1597, AN1598, AN1599, and putatively AN1591.

Further, homologies of the gene products within putative
terpene cluster were estimated using NCBI BLASTp-pro-
gram.

Table 1. shows the closest match obtained using deduced
amino acid sequences in BLASTp (protein-protein BLAST)
search with non-redundant protein sequences (nr) as data-
base.

Iden- Posi- Cov:
tities  tives  erage
Protein Closest match (%) (%) (%)
SEQ ID NO: 59 Aspergillus niger 46 62 84
AN1591 An07g04480
SEQ ID NO: 61 GGPP-synthase 85 91 100
AN1592 Neosartorya fisheri
NFIA__ 009870
SEQ ID NO: 63 HMG-CoA reductase 89 95 100
AN1593 Neosartorya fisheri

NFIA__009850
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-continued
Iden- Posi- Cov-
tities  tives  erage

Protein Closest match (%) (%) (%)
SEQ ID NO: 65 Hypothetical protein 86 92 97
AN1594 Neosartorya fisheri

NFIA__ 009790
SEQ ID NO: 67 Elongation factor 1 89 95 92
AN1595 gamma

Neosartorya fisheri

NFIA__ 009800
SEQ ID NO: 69 Conserved hypothetical 89 94 100
AN1596 protein

Aspergillus terreus

ATEG__00056
SEQ ID NO: 71 Neosartorya fisheri 89 95 91
AN1597 NFIA__009820
SEQ ID NO: 73 Putative Cytochrome 92 95 99
AN1598 P450 monooxygenase

Neosartorya fisheri

NFIA__009830
SEQ ID NO: 74 C6 zinc finger domain 79 84 99
AN1599 protein

Neosartorya fisheri

NFIA__009840

Example 6

Identifying the Product of the Activated Secondary
Metabolite Cluster in AN1599-Transformant with
SPME-GC/MS

The results of the expression analysis showed highly
elevated transcription levels for seven of the predicted sec-
ondary metabolite cluster genes. Product was expected to be
a diterpenoid compound. Diterpenoids are usually semi-vola-
tile or volatile components, which can be efficiently separated
and identified with Gas Chromatography. The method chosen
for the analysis of the product in the activated strain was Solid
Phase Microextraction-Gas Chromatography/Mass Spec-
trometry analysis (SPME-GC/MS), which detects semi-vola-
tile and volatile components with minimal handling of the
samples.

Conidia of AN1599-transformant and FGSC A4 were
inoculated in 2 mL of YES-media supplemented with 3%
gelatine and grown at +30° C. in 15 mL culture vials shaking
250 rpm for 44 hours. Different amounts of conidia were
seeded to get the similar confluency of both AN1599-trans-
formant and FGSC A4 wild-type control-samples at the end
of culturing. The cultures with matching confluencies were
subjected to SPME-GC/MS.

Samples were transferred to air-tight SPME-vials. The
extraction was done with 100 um PDMS fibre at +80° C. for
1 hour. After extraction, the analytes were desorbed during 5
min at +250° C. in the injector of the gas chromatography.
Analytes were separated on Ultra 2 capillary column of 25
mx0.2 mm with a phase thickness 0.33 pm. The temperature
program was: +40° C., holding 1 min, 9° C./min increased up
to +130° C., followed by 2° C./min increased up to +230° C.,
holding 1 min. MS was operated in electron-impact mode at
70 eV, in the scan range m/z 40-550. Compounds were iden-
tified by use of the PAL spectral library. The result is shown in
FIG. 7 and FIG. 8.

The SPME-gas chromatogram showed a major peak at
35,841 minute retention time for AN1599-transformant fun-
gus. This peak was not present in the FGSC A4 control. This
peak was further analyzed by its mass spectrum to be ent-
pimara-8(14),15-diene with 96% quality. The analysis veri-
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fied that AN1599 activates an ent-pimara-8(14),15-diene
diterpene cluster in the transformant fungus.

CH;

CH,

CH;

Chemical structure of ent-pimara-8(14),15-diene. Molecu-
lar formula C, H;,, molecular mass 272,46808 g/mol,
IUPAC names: (4a5,4b5,7S8,10aS)-7-ethenyl-1,1,4a,7-tet-
ramethyl-3,4,4b.5,6,9,10,10a-octahydro-2H-phenanthrene
and 5p,9p,10a,13a-pimara-8(14),15-diene.

Example 7

Recovery of the Terpene Product and Further
Identification of the Product with GC/MS

Extraction

Both Aspergillus nidulans AN1599-transformant and
FGSC A4 strains were grown to confluency in 200 mL YES-
media supplemented with 3% gelatin. Mycelia was filtered
through sterile Miracloth, wrapped in aluminium foil, and
frozen in liquid nitrogen. Mycelial pellets were stored at —80°
C. until homogenized with mortar and pestle in liquid nitro-
gen. The powdered mycelia was weighed and 2 g of mycelia
was extracted with 20 mL of hexane:ethyl acetate (1:1) in 100
mL glass Erlenmeyer flasks in ultrasonic water bath for 1 hour
in room temperature. Solvent phase of hexane:ethyl acetate-
extract was separated by centrifuging the samples at 1500
rpm for 5 minutes at +4° C.
GC-MS Assay of Diterpenes

1 pl volume of'the extract was injected in a split mode (split
ratio 10:1) into Agilent 6890 gas chromatography connected
to Mass Selective Detector. Analytes were separated on HP-1
capillary column of dimensions 25 mx0.32 mmx0.17 pm.
The temperature program began at 100° C., holding 0.5 min
and then increased by rate of 10° C./min to final temperature
01'320° C., holding 25 min. The flow rate of carrier gas (He)
was 1.3 ml/min (constant flow mode). The temperatures of
the injector and MS source were 260° C. and 230° C., respec-
tively. MS was operated in electron-impact mode at 70 eV
with full scan mode m/z 40-550. The result is shown as FIG.
9. The identification was made with PAL spectral library.

Example 8
DNA Array Expression Analysis

Both AN1599-transformant and FGSC A4 strains were
subjected to DNA array expression analysis to verify the
results of the quantitative real-time PCR and to get a broader
understanding of the transcriptional changes in the AN1599-
transformant fungus. DNA array expression analysis enables
the screening of the transcriptional levels of all known genes
of Aspergillus nidulans.

Chip Design

Sequence source for the 10597 transcripts in the DNA

array design was: ftp.ensemblgenomes.org/pub/fungi/re-
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leased/fasta/aspergillus _nidulans/cdna/Aspergillus
nidulans CADRE2 .4.cdna.all.fa.gz. Sequence source for the
whole genome was: ftp.ensemblgenomes.org/pub/fungi/re-
lease-4/embl/aspergillus _nidulans/Aspergillus__
nidulans.0.dat.gz

DNA array chip was custom designed and the chip manu-
facturing was carried out by Nimblegen using Custom
Eukaryotic 12x135K Array format. Expression portion was
designed by selecting 6 probes per transcript for 10546 out of
10597 transcripts (51 not found, 18 less than 6 probes per
transcript, 114 duplicate probes/exemplars).

Sample Preparation for DNA Array Gene Expression Analy-
sis.

Three 50 mL cultures were inoculated for both FGSC A4
and AN1599-transformant strain. The cultures were grown
over night at +37° C. shaking incubator at 250 rpm in YES-
medium supplemented with gelatine. Each culture flask was
monitored for the pH changes during growth and the samples
for the DNA array were taken from cultures at pH-values 5.76
to 5.94. This pH-range corresponds to the early exponential
growth phase of Aspergillus nidulans (data not shown).
FGSC A4 reached the exponential growth phase in 21.5 hours
and the AN1599-transformant strain in 26 hours. Mycelia
were filtered through sterile Miracloth and three 100 pl
samples of wet mycelia were scooped to microfuge tubes
from two separate culture flasks of each strain giving a total of
six replicates for each strain, 12 samples altogether. Mycelia
were frozen in liquid nitrogen and the total RNA was purified
as in example 5. RNA quality was assessed with the standard
protocol of Agilent 2100 Bioanalyzer by Agilent Technolo-
gies. 30-50 pg of total RNA was sent to RocheNimblegen for
c¢DNA synthesis, probe hybridization, scan and preliminary
analysis.

Example 9
Analysis of the DNA Array

DNA array data was analyzed with ArrayStar program
from DNASTAR. Expression fold changes were calculated
using 99% significance level measured with Student’s T-test.
P-values for all the fold change differences were <0.01. The
expression profile of the terpene biosynthetic gene cluster is
represented in FIG. 6 with quantitative real-time PCR results.
The results of the DNA array were consistent with the gPCR
data for the cluster genes. DNA array expression analysis
revealed a total of 66 genes with more than 5-fold upregula-
tion in the AN1599-transformant compared to FGSC A4 con-
trol strain. These 66 genes included the seven terpene biosyn-
thetic cluster genes (AN1592, AN1593, AN1594, AN1595,
AN1596, AN1597 and AN1598). 75 genes were more than
5-fold downregulated in the transformant strain. Interest-
ingly, many of the highly downregulated genes were identi-
fied as other secondary metabolite biosynthesis genes with
BLASTp and pfam-homology searches, such as genes coding
for proteins of polyketide and nonribosomal peptide biosyn-
thetic pathways. None of the other terpene clusters showed
any significant change in the expression levels in the trans-
formant compared to the control.

This proves the hypothesis of the specific upregulation of
the target diterpene cluster genes, and shows that other pos-
sibly competing secondary biosynthetic pathways stay either
silent or are further downregulated when the biosynthetic
pathway for ent-pimara-8(14),15-diene is activated. In addi-
tion, expression of many transporter and transferase-genes
were upregulated in the AN1599-transformant. This can be
beneficial for the production of the diterpene compound and
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for the wellbeing of the fungus itself by protecting it from the
accumulation of harmful side products. The holistic tran-
scriptional regulation in the AN1599-transformant due to the
cluster activation supports the specific production of ent-
pimara-8(14),15-diene.

FIG. 10 shows the holistic effect of the transcriptional
regulation in the AN1599-transformant, where other second-
ary metabolite clusters are either downregulated or stay at the
level of the control strain.

Example 10

Sequence Data for the Whole Genomic Area of the
Terpene Biosynthetic Gene Cluster

The genomic sequence for the identified terpene biosyn-
thetic gene cluster, SEQ ID NO: 57, has been adapted from
NCBI webpage TPA_reasm: Aspergillus nidulans FGSC A4
chromosome V11, sequence coordinates 1222669 to 1249423.
This sequence covers 1499 base long promoter region for the
first putative cluster gene, AN1591, and a 1499 base long
terminator region for the last putative cluster gene, AN1599.
The whole genomic sequence is 26775 bases long and it
covers genes AN1591 (SEQ ID NO: 58), AN1592 (SEQ ID
NO: 59), AN1593 (SEQ ID NO: 60), AN1594 (SEQ ID NO:
61), AN1595 (SEQ ID NO: 62), AN1596 (SEQ ID NO: 63),
AN1597 (SEQ ID NO: 64), AN1598 (SEQ ID NO: 65), and
AN1599 (SEQ ID NO: 1).
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 74

<210> SEQ ID NO 1

<211> LENGTH: 2565

<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 1

atgtaccegt ggagttegac aggaacgtca ccgttttege atcccgacaa tgaaggcegceg

gaatcggggyg atatgagcat gggggaagag cagcagcaac cccaccagag gcgccagaaa

ttgtgagtaa aatgtgtcge aaccgatgag acccccgact tcgagaggaa tgtatttaga

60

120

180
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gatcaccaac cgacgttttc gacctaacag caacaacctg cgcgcatgec agtcctgecg 240
cgcttegaaa gtacgatgcg accagectaa ceegggcatyg cectgtette ggtgecagaa 300
atcaggcaag ccgtgegtgg atgccgecag tcaaccgggyg aagcgacagce gccaacctat 360
caacagtatc ctggagatgg agtcgcgaat cgaaacgata ttgtcgtceg cagaattgca 420
ggacagcget ggggacgggg agactgccca ttccaccgca ctecegttege ctteccagtt 480
gtegcaccac atccaaccgt ttcagcacct ccccatggga ttegcgatac cgttcaatgg 540
tgagtctgeg tagatccagt ctggaatcgt ggcgagttac tttcatcget aacatggcca 600
ccttecgtet gectaggagg aaattccggg acggaagatce tgaactcgag catccgatca 660
tggctgaatyg acaacatcac cgacctggat gctcgtacca cagagacaat cttcagtcat 720
tatttgacca acatggtgcc caccttteceg gtegtegtet ttgegacagyg caccacggceg 780
geecgacgtee gacggaacaa ccctattett tttcetageta ttetcgacgt ggectegteg 840
ggattctgtyg cgcttgagac gcagcggaaa ctgcgaaagce tgattgttca agegtacgtg 900
cattgcatgce tgcgaaccga acagtatact cteggattge tccaggccct gattgtatce 960
gccacatggt atcgcacgat tgagcctgtc gagccggggg agcagatgga tatctaccag 1020
atcagccaca cagcagccaa tatggcecttg atcatgaggce taggggagag tttgaatgcece 1080
aaatcttggg ggggtcccat gtttcectcecgg cgggagatga aaaagggtcce tggaagcgcece 1140
tttcaggcgg actcgctgga agctcecggcecge gtgtggettg ggtgtcatta tatttgeteg 1200
aagtgagaaa gacataccca agagcgcggce agcgttaacc tagtctatge agtacctcca 1260
tgtceccteeg cgccccaaac atcatgagat ggacccgtet gatggacgaa tgtctggagg 1320
tattggaaaa ttccccggeg geccttetat cggacaggcet tectgtgtcag catatccggce 1380
tgcagcatat cactgaagaa ttcgcgatgce atttgtcecge agaagaggct tcagctcccg 1440
cgaaatcccg agcgattcag atccaggtaa cccatcgtge tttcaaacga cagctcagceg 1500
aatggcgtag gactgttggt gatggttggg atggtaactc ctccctgctt gtecttgatce 1560
gcctgeccag ccactgatge ggattgtcta gagtceccteg agttttegta ttatttetcea 1620
tgcctgtaca taaacgaagt agcccactgce acagcgacga gtgatgatgt tcccgaagat 1680
aacgcccage gcttgacgcece accaccaccg attgtggcaa tcgagccgea tgcgattace 1740
gagtttatgg atacgataga taatattttt cgggtgttca cctcactgga tatgtcgacc 1800
attcgagccce tacccgcgat gtacctgatt cggataatct acacattcat catcctggtce 1860
aaactatact ttgcggcagc caaactacca gcgcaggacg ccgtgttgca agtcgacgga 1920
ctgcaggtct ctaggcgctt caatcgegtg atccagatga ccgcaggatg gggcccegttg 1980
tggcctgecta cgaaactaac caccgtgttce accaagatgce ggtcecgtggtt tgaaagcgga 2040
ggggataaca attgccagag gctgcagcag gecgeggegt ggctcacggg atgggagett 2100
aagccccegt cccagggecg agacgctcac gecatgaaca tggccgaagt tgtctcggat 2160
gatggatcaa ttgtcgctte cagctcacga ggtccggcat cctgggttcece gtegetggeg 2220
tccacggacg tggatactcect tgecttetceg cacgaaccce cecctecggcac tgagtttteg 2280
atagccecctce caccttteeg gtcaatgtct tgtgctacaa aatcatgtte tectcaggeg 2340
ggagctgetg agtttatgca cgacgaggag gttccgcttyg aaggccaacg tctgggggac 2400
ctcccgaata tagaccagat ggacgacgtg ggcatggatt ggagccagta taccaacatg 2460
ggctttgact tgtacaatct agacgcgcca tttttgccaa accctecttce tggcectttgat 2520
ccagacgcag caatgaagga taattgcgca gatagaaaca catga 2565
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-continued
<210> SEQ ID NO 2
<211> LENGTH: 1901
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 2
atggtcccca acggegagag acggtggega tgccaagegyg aaacgctagyg ccgtaaagga 60
actagagatt ccgctttgag aggcggtgag gggggcagaa cggtggtaca gagggacctg 120
tttetggete tccgetgtee agcacaacgg atttccagag tagegtcettt attgaataca 180
taaaggatat tatacaaaat agtggacagc aacttatata taatattatc tttaagttct 240
tatatagttg agattcacgg tatatattat actgtataga gtacaaattt atgcttctag 300
gtacttaaat cggaacttac taaatataaa cagaggcctg gcagcatatt aatttatttce 360
ggtttcteca cattttgett acagaactcg tcgatcageg aaaattcccc gcaaattgea 420
tgtgcactgg gtaacgtgga cgctgataac tgtttgaatce caccaccact acccaacagt 480
actgtcaacg gtaagtgaag caggggaaga aagccaaaat gcaacgcaaa gcatgtgatce 540
agtgctatag cagaaagaaa aagtgtttga tggacgcctyg ctcatccgte tgcgttcgat 600
gcgagaagtt gtcecteget tgcactgtat tgcgecgagt acggceggect ggacggecce 660
ctggacatgg ccteectggg gtagctaata gattattggg ggtttgggaa cgctcatcaa 720
cggaggggaa ttcatgtett atttcagttg atcatgageg agggaagccyg ccgactgegt 780
gtgatgctee agaggccaag ctcagegetce ctgactetta ccgactcect ceggaactge 840
aggatagcga cttttatctc ctgagtgata tctacatgtt cggtccgace tttgegaggg 900
accteccateg agetttggag tactgccatce ggcactccecee ccatctgete gcagagatct 960
tcegegecct cggcagcetgt ctttettggg cacggcttgg ggagctccca gaagaccagg 1020
tcgatgttaa gagcggcgcece gtatcgattg aaaagctgcg gaatgcagag atcaagaacc 1080
tccacgatge tgttgcggte ctgatgctcg ggcaagcact ggccgcattt gactcacttg 1140
tcacatccac cggggcgatg tcgatcctac gatgcteget ctceccectgatt tgeccegtggt 1200
atccggatat tgctgaaata cagctgecttg agacgattge gattgcectcca gtettttggg 1260
acacagtctg gtgcttactg caccgcgaag ttcccgttet tcagececcttg gtcacttgga 1320
caagggttgt cgatcgtgta gcaggtctct gcacttcecttt gectgccgata ctctacaatce 1380
tttgtgtectt cggccagegt tggaaagacg gagtcccaca gccacagtgt atgctggaca 1440
gtattgaaca acagattcgg acgtggtctc cagacgactc ggcattgact ctgcagcgat 1500
acagcacgat cgagatcctg tccattegea cccaagccag catgtatcegg acagcagccce 1560
tcectacttgt ccattggatt cgtcaccctt tggegtegece ggatcccacg tcaaccagcece 1620
ttgcgaatga tattattagt gctagagaag aatttttecgce gagcgccgga ccctctgcaa 1680
agttgcaaaa cacgtctttt ccgctatcce tggctctget ggaagtaccg atttccccag 1740
acaggttctg ggagagctceg acttggctte gcactcggece tgcctgegtt agacatctgt 1800
ccgectttac cggttatgtyg tgggaccage gatatgcagg cttcgaaagce tcactcetttg 1860
atctcgtcaa gagcggcecct aattttgtte ctgtgcecgta g 1901

<210> SEQ ID NO 3
<211> LENGTH: 969
<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidulans
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<400> SEQUENCE: 3
atgtttgaac tggagactcc gtctatcage actctccagt gtcacatctt cgcegetgtt 60
tacctectgca atgectcatt ccagaacatg gegcatacca cgctgactat tgctgtgegt 120
acggcccaaa ttcteggtet tcatctegac cecacccegetyg acctgcecgeyg accacagagg 180
gaactgcgta gatgcatctg gtggactcecte tacgtggttg aaaccaagac ttgcatgaaa 240
cttggecgac catcatcegt gtccgaggtg acagaggect gtcagctcecee tgctgatgac 300
catgagcettg ctcggcagtce actgtcgaat attgeggete gtggggacaa agtgacctgg 360
tttacctact gctgectagt cacaactttg gtgetggegyg cgcatactgt ccactccagg 420
tactgggaca aatgtgccga ccttcetggeg gegaatggag caagaagttt gtacacagac 480
geegectete tcaaacagge ggcagaattt tttgegttge aaatgggegt catcacagaa 540
tggttagaga ctgtcecctga tgctatgaag acaggacgca gaggggcggyg tgaacctttt 600
tcgacagacg gctctaagtt agacccagaa cgctatgcta caccatggtt gcagegecaa 660
cggcettetge tggagcatct ctaccataac atggtcatga atatctaccyg atcctttate 720
agttttcctt ctcegtcatg tccgccacct aatggegttyg tccaaaaaca tgcagtctcee 780
tgtgcgaage atgcggctac catcacccat gtectetgeg agacgttgge tactaatgac 840
ttectcaaag gcetggtacga ggcctatcag tggcaatgga acgcgatcect tcettttatgg 900
gtttegtget ggettatcee actcactcag agagtgeggg cgcccgegca gcattcgaca 960
cggcgataa 969
<210> SEQ ID NO 4
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 4
gcactagttc atgtgtttct atctgcgcaa 30
<210> SEQ ID NO 5
<211> LENGTH: 29
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 5
gcactagtat gtacccgtgg agttcgaca 29
<210> SEQ ID NO 6
<211> LENGTH: 31
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 6
gcactagtct acggcacagg aacaaaatta g 31

<210> SEQ ID NO 7
<211> LENGTH: 29

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
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30

<400> SEQUENCE: 7

ttgggcccat ggtccccaac ggcgagaga

<210> SEQ ID NO 8

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8

ttgggcccat gtttgaactg gagactecegt

<210> SEQ ID NO 9

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

gcactagttt atcgeccgtgt cgaatgetge

<210> SEQ ID NO 10

<211> LENGTH: 9285

<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 10

geggeegega cagaagatga tattgaagga gcactttttg ggettggetyg gagetagtgg
aggtcaacaa tgaatgccta ttttggttta gtegtccagg cggtgagcac aaaatttgtg
tcgtttgaca agatggttca tttaggcaac tggtcagatc agccccactt gtagcagtag
cggeggeget cgaagtgtga ctettattag cagacaggaa cgaggacatt attatcatct
getgettggt gcacgataac ttggtgegtt tgtcaagcaa ggtaagtgaa cgacccggte
ataccttett aagttegece ttectecctt tatttcagat tcaatctgac ttacctatte
tacccaagca aagcttcgat taggaagtaa ccatgagcec agaacgacge ccggecgaca
tcegeegtge caccgaggeg gacatgeegg cggtetgeac categtcaac cactacatcg
agacaagcac ggtcaactte cgtaccgage cgcaggaacce gecaggagtgg acggacgacce
tegteegtet gegggagege tatcectgge tegtegecga ggtggacgge gaggtegecg
gecatcgecta cgegggtceee tggaaggcac gtaacgecta cgactggacyg gecgagtega
cegtgtacgt cteccccege caccagegga cgggactggg ctccacgete tacacccacce
tgctgaagte cctggaggca cagggcttca agagegtggt cgetgtcate gggetgecca
acgacccgag cgtgcegeatg cacgaggege tcggatatge cececgegge atgetgeggg
cggecggett caagcacggg aactggeatg acgtgggttt ctggcagetg gacttcagece
tgceggtace geccegteeg gtectgeceg tcaccgagat ctgatccegte accgggatcece
acttaagcgg ccgcecttgt atctctacac acaggctcaa atcaataaga agaacggtte
gtcttttteg tttatatctt gecatcgtcce aaagctattg gegggatatt ctgtttgeag
ttggctgact tgaagtaatc tctgcagate tttegacact gaaatacgte gagectgete

cgcttggaag cggcgaggag cctegtectyg tcacaactac caacatggag tacgataagg

gecagtteeg ccagetcatt aagagccagt tcatgggegt tggcatgatg geegtcatge

29

30

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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atctgtactt

ttcgaatctyg

ctttaaggcet

ccagaacgec

tcggaggacg

gaggaattgg

ggagcataga

cctgtgaace

cgccatgagyg

aatttagaac

agtcaaacgt

agatatagca

cacaacacaa

ggactcgagt

cgaccatcaa

tctectggat

gagctcccaa

ccttattegt

atcegecgec

cggtgactcet

agccactgge

ceggeagece

attgcatcat

tgaagccagg

ccaattgett

gegagtacce

tatcgtgect

cagcggegea

ctgectgaggt

ggeggggttyg

cccaccaget

atccaagaac

catcccttat

acagctaccc

cgtggagtte

gggatatgag

taaaatgtgt

aaccgacgtt

aaagtacgat

aagcegtgeg

caagtacacc

gttaagatce

gccaacagcet

gagaagaact

gagcggtgte

aggtagcata

gggtecettty

ttttattcac

ttttcgaaat

gtggcactat

tgctagcagt

tgatctctag

getgtaagga

accatttaat

agtcgtatag

aaactttaag

atctgtccag

tgacctaget

tccaccattt

ttctggeatyg

cagacagctce

ctecegeceeyg

cggagaatat

ggtgtatage

ccgatetggt

ggcgcgtaag

ctectgettt

gaccgggaac

cccteagtec

acaaggtegt

getettttet

ctttatttcc

tcctttgaac

cgcttgagea

gacaggaacg

catgggggaa

cgcaaccgat

ttcgacctaa

gegaccagece

tggatgcege

aacgctette

acgtcttegyg

ttctcageca

ggaggggtgy

aagaggatat

gcetteatttyg

gcetttcaata

caatgagcat

acatccggat

tgatcatceg

tccaggtgga

ttagctcace

ttteggcacy

tctatttgty

ctaccagtga

cctaaactat

atcatggttg

gattctggag

gtagaaaaat

cggagagacyg

tggeggetet

aagtggaaag

ggagcttcat

cgteggegaa

aaaagattca

ctcectaatt

geceggtgta

acaagctgge

ctggtaggca

tgcgtcagte

tttctcttte

cctaagtaag
ctttcagtte

gacatcaggg

tcaccgtttt

gagcagcage

gagacccccyg

cagcaacaac

taacccggge

cagtcaaccyg

tgatccagte

gaagccagcg

gggccagece

tgtcaaggag

tcttegacte

gatttgettt

ttctcaagta

tggaatgaac

gtcgaagget

atagctctge

atgttatgat

acaaaagtca

gctacggaag

tttgatcgag

ggaagtggac

acagaataag

accggtgect

tgacccagag

gtgacgaact

gacggacgca

gaggtgcagt

gCtggtgth

cgaatcaccyg

atagcatgec

cgagatagta

ggcccatcecyg

tgaaaccgga

agtcgaccca

getttgecce

caacatttgt

ttttccecate

tactttgcta

gagctttece

cccategatt

cgcatcccga

aaccccacca

acttcgagag

ctgegegeat

atgcccetgte

gggaagcgac

gatcatcege tgaaggegcet

actggtgacc tccagegtee

aagaccgaca aggccteect

gagtaagcte cttattgaag

tgtattatag ataagatgat

ccaggctgag actctagett

tctegagttt gaacttatte

atgaatctga ggactgcaat

tggggcacct gegttggttyg

aaagggcgtt gcacaatgca

gagcattgta ttaaatcagg

gacggegtaa ccaaaagtca

acggagaagc caccttcagt

acctaataca gcccectacaa

tcaaatcgac ttcagcaaca

ataggtggag agcttatacc

ggatcttect atagaatcat

ggtcatgact tgagcctaaa

cgtgagetet gtacagtgac

gagagaaggg ctgagtaata

ggatgattat taatccggga

ccctegttga ccaagaatct

gcagtaageg aaggagaatg

attaacctag gtacagaagt

ccttetecga agtaggtaga

gecatctgtag ggcegtccaaa

aaggccgete aggagetgge

tceggtgete tgcactcgac

gtetgteege ceggtgtgte

tgccatattt tcctgetete

ttcagtatat tcatcttcce

catccatact ccatccttcec

acttcatcge agcttgacta

cgatatcact agtatgtacc

caatgaaggc gcggaatcgg

gaggcgccag aaattgtgag

gaatgtattt agagatcacc

gecagteetyg ccegegetteg

ttcggtgeca gaaatcagge

agcgccaacce tatcaacagt

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660
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atcctggaga tggagtcgceg aatcgaaacg atattgtegt ccgcagaatt gcaggacagce 3720
gctggggacyg gggagactgce ccattccacc gcactceccgtt cgectteccca gttgtcegeac 3780
cacatccaac cgtttcagca cctccccatg ggattcgega taccgttcaa tggtgagtcet 3840
gcgtagatcece agtctggaat cgtggcgagt tactttcatc gctaacatgg ccaccttecg 3900
tctgectagg aggaaattcc gggacggaag atctgaactc gagcatccga tcatggctga 3960
atgacaacat caccgacctg gatgctcgta ccacagagac aatcttcagt cattatttga 4020
ccaacatggt gcccaccttt cecggtegtceg tcetttgcgac aggcaccacg geggcecgacg 4080
tccgacggaa caaccctatt ctttttectag ctattctega cgtggecteg tegggattcet 4140
gtgcgcttga gacgcagcgg aaactgcgaa agctgattgt tcaagcgtac gtgcattgca 4200
tgctgcgaac cgaacagtat actctcggat tgctccaggce cctgattgta tcecgccacat 4260
ggtatcgcac gattgagcct gtcgagecgg gggagcagat ggatatctac cagatcagec 4320
acacagcagc caatatggcc ttgatcatga ggctagggga gagtttgaat gccaaatctt 4380
gggggggtec catgtttcct cggcgggaga tgaaaaaggg tcectggaagce gcectttcagg 4440
cggactecget ggaagctegg cgcgtgtgge ttgggtgtca ttatatttge tcegaagtgag 4500
aaagacatac ccaagagcgc ggcagcgtta acctagtcecta tgcagtacct ccatgtccect 4560
ccgcgececca aacatcatga gatggacccg tctgatggac gaatgtctgg aggtattgga 4620
aaattccceg geggecctte tatcggacag gcttcectgtgt cagcatatcce ggctgcagca 4680
tatcactgaa gaattcgcga tgcatttgtce cgcagaagag gcttcagctce ccgcgaaatce 4740
ccgagcgatt cagatccagg taacccatcg tgctttcaaa cgacagctca gcgaatggceg 4800
taggactgtt ggtgatggtt gggatggtaa ctcctcectg cttgtecttg atcgectgece 4860
cagccactga tgcggattgt ctagagtcce tcgagttttce gtattattte tcatgectgt 4920
acataaacga agtagcccac tgcacagcga cgagtgatga tgttcccgaa gataacgcce 4980
agcgcttgac geccaccacca ccgattgtgg caatcgagcece gcatgcgatt accgagttta 5040
tggatacgat agataatatt tttcgggtgt tcacctcact ggatatgtcg accattcgag 5100
ccectaccecge gatgtacctg attcggataa tctacacatt catcatcctg gtcaaactat 5160
actttgcgge agccaaacta ccagcgcagg acgecgtgtt gcaagtcgac ggactgcagg 5220
tctctaggeg cttcaatcge gtgatccaga tgaccgcagg atggggccceg ttgtggectg 5280
ctacgaaact aaccaccgtg ttcaccaaga tgcggtcegtg gtttgaaagce ggaggggata 5340
acaattgcca gaggctgcag caggccgegg cgtggctcac gggatgggag cttaagccce 5400
cgtceccaggg ccgagacgct cacgccatga acatggcecga agttgtcteg gatgatggat 5460
caattgtcge ttccagctca cgaggteccgg catcctgggt teccgtegcectg gegtcecacgg 5520
acgtggatac tcttgcctte tcegcacgaac ccececcctegg cactgagttt tegatagecce 5580
ctccaccttt ccggtcaatg tettgtgcta caaaatcatg ttctecctcag gegggagetg 5640
ctgagtttat gcacgacgag gaggttccge ttgaaggcca acgtctgggg gacctcecccga 5700
atatagacca gatggacgac gtgggcatgg attggagcca gtataccaac atgggctttg 5760
acttgtacaa tctagacgcg ccatttttge caaaccctcece ttctggettt gatccagacg 5820
cagcaatgaa ggataattgc gcagatagaa acacatgaac tagtccgcgg ggatccactt 5880
aacgttactg aaatcatcaa acagcttgac gaatctggat ataagatcgt tggtgtcgat 5940
gtcagcteceg gagttgagac aaatggtgtt caggatctcg ataagatacg ttcatttgtce 6000
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caagcagcaa agagtgcctt ctagtgattt aatagctcca tgtcaacaag aataaaacgc 6060
gttttcgggt ttacctctte cagatacagce tcatctgcaa tgcattaatg cattgactge 6120
aacctagtaa cgccttcagg ctccggcgaa gagaagaata gcttagcaga gctattttca 6180
ttttcgggag acgagatcaa gcagatcaac ggtcgtcaag agacctacga gactgaggaa 6240
tcegetettg getcecacgeg actatatatt tgtcectctaat tgtactttga catgctecte 6300
ttctttacte tgatagcttyg actatgaaaa ttccgtcacc agccctgggt tegcaaagat 6360
aattgcatgt ttcttccttg aactctcaag cctacaggac acacattcat cgtaggtata 6420
aacctcgaaa tcattcctac taagatggta tacaatagta accatgcatg gttgcctagt 6480
gaatgctceeg taacacccaa tacgccggcece gaaacttttt tacaactctce ctatgagtceg 6540
tttacccaga atgcacaggt acacttgttt agaggtaatc cttctttcta gaagtcecctcg 6600
tgtactgtgt aagcgcccac tccacatctce cactcgacct gcaggcatgce aagcttggca 6660
ctggcegteg ttttacaacg tcegtgactgg gaaaaccctg gegttaccca acttaatcgce 6720
cttgcagcac atcccccttt cgccagetgg cgtaatageg aagaggcccg caccgatcegce 6780
cctteccaac agttgcgcag cctgaatgge gaatggcegece tgatgcggta ttttetectt 6840
acgcatctgt gecggtatttce acaccgcata tggtgcactc tcagtacaat ctgctctgat 6900
geegecatagt taagccagece ccgacaccceg ccaacaccceg ctgacgegec ctgacggget 6960
tgtctgcetece cggcatcege ttacagacaa gctgtgaccg tcectceccgggag ctgcatgtgt 7020
cagaggtttt caccgtcatc accgaaacgc gcgagacgaa agggcctcgt gatacgccta 7080
tttttatagg ttaatgtcat gataataatg gtttcttaga cgtcaggtgg cacttttcgg 7140
ggaaatgtgc gcggaaccce tatttgttta tttttctaaa tacattcaaa tatgtatccg 7200
ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt 7260
attcaacatt tccgtgtcege ccttattcce ttttttgegg cattttgect tectgttttt 7320
gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg 7380
ggttacatcg aactggatct caacagcggt aagatccttg agagttttcg ccccgaagaa 7440
cgttttccaa tgatgagcac ttttaaagtt ctgctatgtg gecgcggtatt atcccgtatt 7500
gacgccggge aagagcaact cggtcgecge atacactatt ctcagaatga cttggttgag 7560
tactcaccag tcacagaaaa gcatcttacg gatggcatga cagtaagaga attatgcagt 7620
gctgccataa ccatgagtga taacactgcg gccaacttac ttcectgacaac gatcggagga 7680
ccgaaggagce taaccgcttt tttgcacaac atgggggatc atgtaactcg ccttgatcegt 7740
tgggaaccgg agctgaatga agccatacca aacgacgagce gtgacaccac gatgectgta 7800
gcaatggcaa caacgttgcg caaactatta actggcgaac tacttactct agcttccecegg 7860
caacaattaa tagactggat ggaggcggat aaagttgcag gaccacttct gcgctcggcece 7920
cttceggetg getggtttat tgctgataaa tctggagecg gtgagegtgg gtetcegeggt 7980
atcattgcag cactggggcc agatggtaag ccctccegta tcgtagttat ctacacgacg 8040
gggagtcagg caactatgga tgaacgaaat agacagatcg ctgagatagg tgcctcactg 8100
attaagcatt ggtaactgtc agaccaagtt tactcatata tactttagat tgatttaaaa 8160
cttcattttt aatttaaaag gatctaggtg aagatccttt ttgataatct catgaccaaa 8220
atcccttaac gtgagtttte gttccactga gcgtcagacce ccgtagaaaa gatcaaagga 8280
tcttecttgag atcctttttt tetgcecgegta atctgctget tgcaaacaaa aaaaccaccg 8340
ctaccagcgg tggtttgttt geccggatcaa gagctaccaa ctctttttece gaaggtaact 8400
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ggcttcagca gagcgcagat accaaatact gtccttctag tgtagccgta gttaggcecac 8460
cacttcaaga actctgtagc accgcctaca tacctcgete tgctaatccet gttaccagtg 8520
gctgectgeca gtggcgataa gtegtgtett accgggttgg actcaagacg atagttaccyg 8580
gataaggcge ageggtceggg ctgaacgggg ggttegtgea cacagceccag cttggagega 8640
acgacctaca ccgaactgag atacctacag cgtgagctat gagaaagcgce cacgcttcce 8700
gaagggagaa aggcggacag gtatccggta agcggcaggg tcggaacagg agagcgcacyg 8760
agggagcttc cagggggaaa cgcctggtat ctttatagtc ctgtcecgggtt tegeccaccte 8820
tgacttgagc gtcgattttt gtgatgctcg tcaggggggce ggagcctatg gaaaaacgcce 8880
agcaacgcgg cctttttacg gttcecctggcee ttttgctgge cttttgctca catgttettt 8940
cctgegttat cccctgatte tgtggataac cgtattaccg cctttgagtg agctgatacce 9000
gectegecgea gecgaacgac cgagegcage gagtcagtga gcgaggaagce ggaagagege 9060
ccaatacgca aaccgcctet ccccgegegt tggeccgattce attaatgcag ctggcacgac 9120
aggtttccecg actggaaagce gggcagtgag cgcaacgcaa ttaatgtgag ttagctcact 9180
cattaggcac cccaggcttt acactttatg ctteccggcetce gtatgttgtg tggaattgtg 9240
agcggataac aatttcacac aggaaacagc tatgaccatg attac 9285
<210> SEQ ID NO 11
<211> LENGTH: 8601
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 11
geggecgega cagaagatga tattgaagga gcactttttg ggettggetg gagetagtgg 60
aggtcaacaa tgaatgccta ttttggttta gtegtccagg cggtgagcac aaaatttgtg 120
tegtttgaca agatggttca tttaggcaac tggtcagatce agccccactt gtagcagtag 180
cggcggeget cgaagtgtga ctettattag cagacaggaa cgaggacatt attatcatct 240
getgettggt gcacgataac ttggtgegtt tgtcaagcaa ggtaagtgaa cgacccggte 300
ataccttett aagttcgeccc ttectcecectt tatttcagat tcaatctgac ttacctattce 360
tacccaagca aagcttcgat taggaagtaa ccatgagccce agaacgacgce ccggecgaca 420
tcegecgtge caccgaggcg gacatgecgg cggtetgeac catcgtcaac cactacatcg 480
agacaagcac ggtcaacttc cgtaccgage cgcaggaacce gcaggagtgyg acggacgacce 540
tegtecgtet gegggagege tatccctgge tegtegecga ggtggacgge gaggtegecg 600
gcatcgecta cgegggtcece tggaaggcac gtaacgecta cgactggacg gecgagtcega 660
cegtgtacgt ctcccccege caccagegga cgggactggyg ctecacgete tacacccace 720
tgctgaagte cctggaggca cagggcttca agagegtggt cgetgtcate gggetgecca 780
acgacccgag cgtgegecatg cacgaggege teggatatge ccececgegge atgetgeggg 840
cggceggett caagcacggg aactggecatg acgtgggttt ctggcagetyg gacttcagece 900
tgccggtace gecceegtecg gtectgeceg tcaccgagat ctgatccegte accgggatce 960
acttaagcgg ccgcecttgt atctctacac acaggctcaa atcaataaga agaacggttce 1020
gtcttttteg tttatatctt gcatcgtccce aaagctattg gegggatatt ctgtttgcag 1080
ttggctgact tgaagtaatc tcectgcagatc tttcgacact gaaatacgtce gagcctgcetce 1140
cgcttggaag cggcgaggag cctcecgtectg tcacaactac caacatggag tacgataagg 1200
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gecagttecyg

atctgtactt

ttcgaatctyg

ctttaaggcet

ccagaacgec

tcggaggacg

gaggaattgg

ggagcataga

cctgtgaace

cgccatgagyg

aatttagaac

agtcaaacgt

agatatagca

cacaacacaa

ggactcgagt

cgaccatcaa

tctectggat

gagctcccaa

ccttattegt

atcegecgec

cggtgactcet

agccactgge

ceggeagece

attgcatcat

tgaagccagg

ccaattgett

gegagtacce

tatcgtgect

cagcggegea

ctgectgaggt

ggeggggttyg

cccaccaget

atccaagaac

catcccttat

acagctaccc

cgatgccaag

daggggggca

cggattteca

agcaacttat

tatactgtat

ccagcteatt

caagtacacc

gttaagatce

gccaacagcet

gagaagaact

gagcggtgte

aggtagcata

gggtecettty

ttttattcac

ttttcgaaat

gtggcactat

tgctagcagt

tgatctctag

getgtaagga

accatttaat

agtcgtatag

aaactttaag

atctgtccag

tgacctaget

tccaccattt

ttctggeatyg

cagacagctce

ctecegeceeyg

cggagaatat

ggtgtatage

ccgatetggt

ggcgcgtaag

ctectgettt

gaccgggaac

cccteagtec

acaaggtegt

getettttet

ctttatttcc

tcctttgaac

cgcttgagea

cggaaacgct

gaacggtggt

gagtagcgte

atataatatt

agagtacaaa

aagagccagt

aacgctette

acgtcttegyg

ttctcageca

ggaggggtgy

aagaggatat

gcetteatttyg

gcetttcaata

caatgagcat

acatccggat

tgatcatceg

tccaggtgga

ttagctcace

ttteggcacy

tctatttgty

ctaccagtga

cctaaactat

atcatggttg

gattctggag

gtagaaaaat

cggagagacyg

tggeggetet

aagtggaaag

ggagcttcat

cgteggegaa

aaaagattca

ctcectaatt

geceggtgta

acaagctgge

ctggtaggca

tgcgtcagte

tttctcttte

cctaagtaag

ctttcagtte

gacatcaggg

aggccgtaaa

acagagggac

tttattgaat

atctttaagt

tttatgette

tcatgggegt

tgatccagte

gaagccagcg

gggccagece

tgtcaaggag

tcttegacte

gatttgettt

ttctcaagta

tggaatgaac

gtcgaagget

atagctctge

atgttatgat

acaaaagtca

gctacggaag

tttgatcgag

ggaagtggac

acagaataag

accggtgect

tgacccagag

gtgacgaact

gacggacgca

gaggtgcagt

gCtggtgth

cgaatcaccyg

atagcatgec

cgagatagta

ggcccatcecyg

tgaaaccgga

agtcgaccca

getttgecce

caacatttgt

ttttccecate

tactttgcta

gagctttece

cccatggtec

ggaactagag

ctgtttetgy

acataaagga

tcttatatag

taggtactta

tggcatgatyg gccgtcatge

gatcatcege tgaaggegcet

actggtgacc tccagegtee

aagaccgaca aggccteect

gagtaagcte cttattgaag

tgtattatag ataagatgat

ccaggctgag actctagett

tctegagttt gaacttatte

atgaatctga ggactgcaat

tggggcacct gegttggttyg

aaagggcgtt gcacaatgca

gagcattgta ttaaatcagg

gacggegtaa ccaaaagtca

acggagaagc caccttcagt

acctaataca gcccectacaa

tcaaatcgac ttcagcaaca

ataggtggag agcttatacc

ggatcttect atagaatcat

ggtcatgact tgagcctaaa

cgtgagetet gtacagtgac

gagagaaggg ctgagtaata

ggatgattat taatccggga

ccctegttga ccaagaatct

gcagtaageg aaggagaatg

attaacctag gtacagaagt

ccttetecga agtaggtaga

gecatctgtag ggcegtccaaa

aaggccgete aggagetgge

tceggtgete tgcactcgac

gtetgteege ceggtgtgte

tgccatattt tcctgetete

ttcagtatat tcatcttcce

catccatact ccatccttcec

acttcatcge agcttgacta

ccaacggcega gagacggtgg

attccgettt gagaggceggt

ctcteegetyg tccagcacaa

tattatacaa aatagtggac

ttgagattca cggtatatat

aatcggaact tactaaatat

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600
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aaacagaggc

tcgtegatca

aactgtttga

agaaagccaa

tgatggacge

tattgegeceg

atagattatt

ttgatcatga

ctecetgacte

atatctacat

atcggcactce

gggcacggct

ttgaaaagct

tcgggcaage

tacgatgetce

ttgagacgat

aagttccegt

tctgcactte

acggagtcce

ctccagacga

gcacccaage

ctttggegte

aagaattttt

cectggetet

ttcgcacteg

agcgatatge

ttecectgtgee

cttgacgaat

ggtgttcagg

tgatttaata

tacagctcat

ggcgaagaga

atcaacggtce

tatatttgte

tgaaaattcc

ctcaagecta

atggtataca

ceggecgaaa

ttgtttagag

ctggcageat

gcgaaaatte

atccaccacc

aatgcaacgc

ctgcteatee

agtacggcgg

gggggtttgg

dcgagggaag

ttaccgactce

gtteggtecyg

cccecatetyg

tggggagctc

gcggaatgcea

actggccgea

geteteecty

tgcgattget

tcttecagece

tttgctgeeyg

acagccacag

ctcggeattyg

cagcatgtat

geeggatece

cgcgagegec

getggaagta

gectgectge

aggcttcgaa

gtagactagt

ctggatataa

atctcgataa

gctecatgte

ctgcaatgca

agaatagctt

gtcaagagac

tctaattgta

gtcaccagce

caggacacac

atagtaacca

cttttttaca

gtaatcctte

attaatttat

cccgcaaatt

actacccaac

aaagcatgtg

gtctgegtte

cctggacgge

gaacgctcat

cecgecgactyg

cctecggaac

acctttgega

ctcgcagaga

ccagaagacc

gagatcaaga

tttgactcac

atttgccegt

ccagtetttt

ttggtcactt

atactctaca

tgtatgctgg

actctgcage

cggacagcag

acgtcaacca

ggaccctety

ccgatttece

gttagacatc

agctcactct

ccgcggggat

gategttggt

gatacgttca

aacaagaata

ttaatgcatt

agcagagcta

ctacgagact

ctttgacatg

ctgggttege

attcatcgta

tgcatggttyg

actctcectat

tttctagaag

tteggtttet

gecatgtgcac

agtactgtca

atcagtgcta

gatgcgagaa

ccectggaca

caacggaggyg

cgtgtgatge

tgcaggatag

gggacctcca

tctteegege

aggtcgatgt

acctccacga

ttgtcacatc

ggtatccgga

gggacacagt

ggacaagggt

atctttgtgt

acagtattga

gatacagcac

ccctectact

gecttgegaa

caaagttgca

cagacaggtt

tgtccgecett

ttgatctegt

ccacttaacyg

gtcgatgtca

tttgtccaag

aaacgcgttt

gactgcaacc

ttttcatttt

gaggaatccyg

ctcctettet

aaagataatt

ggtataaacc

cctagtgaat

gagtcgttta

tcctegtgta

ccacattttyg cttacagaac

tgggtaacgt ggacgctgat

acggtaagtyg aagcagggga

tagcagaaag aaaaagtgtt

gttgteccete gettgcactg

tggeccteect ggggtageta

gaattcatgt cttatttcag

tccagaggee aagctcageg

cgacttttat ctecctgagtyg

tcgagetttyg gagtactgee

ccteggecage tgtetttett

taagagcgge gccgtatcga

tgctgttgeyg gtectgatge

caccggggeyg atgtcgatce

tattgctgaa atacagctge

ctggtgetta ctgcaccgeyg

tgtcgategt gtagcaggte

ctteggecag cgttggaaag

acaacagatt cggacgtggt

gatcgagate ctgtccatte

tgtccattgg attecgtcace

tgatattatt agtgctagag

aaacacgtct tttecegetat

ctgggagage tcgacttgge

taccggttat gtgtgggacc

caagagcgge cctaattttg

ttactgaaat catcaaacag

getecggagt tgagacaaat

cagcaaagag tgccttctag

tcgggtttac ctettecaga

tagtaacgcce ttcaggctee

cgggagacga gatcaagcag

ctcttggete cacgcgacta

ttactctgat agcttgacta

gecatgtttcet tccttgaact

tcgaaatcat tcctactaag

getecgtaac acccaatacg

cccagaatge acaggtacac

ctgtgtaage gcccactceca

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940
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catctccact

gactgggaaa

agctggegta

aatggcgaat

cgcatatggt

cacccgccaa

agacaagctg

aaacgcgega

ataatggttt

tgtttatttt

atgcttcaat

attccctttt

gtaaaagatg

agcggtaaga

aaagttctge

cgcegeatac

cttacggatg

actgecggeca

cacaacatgg

ataccaaacg

ctattaactg

gcggataaag

gataaatctyg

ggtaagcect

cgaaatagac

caagtttact

taggtgaaga

cactgagegt

cgcgtaatct

gatcaagagce

aatactgtcc

cctacatacc

tgtcttacceyg

acggggggte

ctacagegtyg

ccggtaageg

tggtatettt

tgctegteag

ctggectttt

gataaccgta

cgacctgeag

accectggegt

atagcgaaga

ggcgectgat

gcactctcag

caccecgetga

tgaccgtete

gacgaaaggg

cttagacgtce

tctaaataca

aatattgaaa

ttgcggeatt

ctgaagatca

tccttgagag

tatgtggege

actattctca

gcatgacagt

acttacttct

gggatcatgt

acgagcgtga

gcgaactact

ttgcaggacc

gagccggtga

ccegtategt

agatcgctga

catatatact

teotttttga

cagacceegt

getgettgea

taccaactct

ttctagtgta

tegetetget

ggttggactce

cgtgcacaca

agctatgaga

gcagggtegg
atagtcctgt

dggggcggayg

getggecttt

ttaccgeett

gcatgcaage

tacccaactt

ggcecgcace

geggtatttt

tacaatctge

cgegeectga

cgggagctgc

cctegtgata

aggtggcact

ttcaaatatg

aaggaagagt

ttgccttect

gttgggtgca

ttttegecee

ggtattatce

gaatgacttyg

aagagaatta

gacaacgatc

aactcgecett

caccacgatg

tactctaget

acttctgege

gCgtgggtCt

agttatctac

gataggtgce

ttagattgat

taatctcatg

agaaaagatc

aacaaaaaaa

ttttcecgaag

gecegtagtta

aatcctgtta

aagacgatag

geccagetty

aagcgcecacyg

aacaggagag

cgggtttege

cctatggaaa

tgctcacatg

tgagtgagct

ttggcactygyg

aatcgecttyg

gatcgeccett

ctccttacge

tctgatgeeyg

cgggettgte

atgtgtcaga

cgectatttt

tttcggggaa

tatccgetea

atgagtattc

gtttttgete

cgagtgggtt

gaagaacgtt

cgtattgacyg

gttgagtact

tgcagtgetyg

ggaggaccga

gatcgttggg

cctgtageaa

tcceggcaac

teggeectte

cgcggtatca

acgacgggga

tcactgatta

ttaaaacttc

accaaaatcc

aaaggatctt

ccaccgctac

gtaactggcet

ggccaccact

ccagtggetyg

ttaccggata

gagcgaacga

ctteccgaag

cgcacgaggyg

cacctetgac

aacgccagca

ttetttecty

gataccgete

cegtegtttt acaacgtegt

cagcacatce cecctttegee

cccaacagtt gecgcagectg

atctgtgegg tatttcacac

catagttaag ccagccccga

tgctcecegge atccgettac

ggttttcace gtcatcaccg

tataggttaa tgtcatgata

atgtgcgegg aacccctatt

tgagacaata accctgataa

aacatttccg tgtecgeectt

acccagaaac gctggtgaaa

acatcgaact ggatctcaac

ttccaatgat gagcactttt

ccgggcaaga gcaacteggt

caccagtcac agaaaagcat

ccataaccat gagtgataac

aggagctaac cgcttttttg

aaccggagcet gaatgaagec

tggcaacaac gttgcgcaaa

aattaataga ctggatggag

cggetggetyg gtttattget

ttgcagcact ggggccagat

gtcaggcaac tatggatgaa

agcattggta actgtcagac

atttttaatt taaaaggatc

cttaacgtga gttttegtte

cttgagatcc tttttttetg

cageggtggt ttgtttgecg

tcagcagagce gcagatacca

tcaagaactc tgtagcaccyg

ctgccagtgyg cgataagtceg

aggcgcagcg gtcgggctga

cctacaccga actgagatac

ggagaaaggce ggacaggtat

agcttecagyg gggaaacgcec

ttgagcgteg atttttgtga

acgcggectt tttacggtte

cgttatcecce tgattetgty

gecgcagecg aacgaccgag

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340
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cgcagegagt cagtgagcga ggaagcggaa gagcgceccaa tacgcaaacce gcctctecce 8400
gcgegttgge cgattcatta atgcagetgg cacgacaggt ttcccgactg gaaagcgggce 8460
agtgagcgca acgcaattaa tgtgagttag ctcactcatt aggcacccca ggctttacac 8520
tttatgcttc cggctcgtat gttgtgtgga attgtgagcg gataacaatt tcacacagga 8580
aacagctatg accatgatta ¢ 8601
<210> SEQ ID NO 12
<211> LENGTH: 7669
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 12
geggecgega cagaagatga tattgaagga gcactttttg ggettggetg gagetagtgg 60
aggtcaacaa tgaatgccta ttttggttta gtegtccagg cggtgagcac aaaatttgtg 120
tegtttgaca agatggttca tttaggcaac tggtcagatce agccccactt gtagcagtag 180
cggcggeget cgaagtgtga ctettattag cagacaggaa cgaggacatt attatcatct 240
getgettggt gcacgataac ttggtgegtt tgtcaagcaa ggtaagtgaa cgacccggte 300
ataccttett aagttcgeccc ttectcecectt tatttcagat tcaatctgac ttacctattce 360
tacccaagca aagcttcgat taggaagtaa ccatgagccce agaacgacgce ccggecgaca 420
tcegecgtge caccgaggcg gacatgecgg cggtetgeac catcgtcaac cactacatcg 480
agacaagcac ggtcaacttc cgtaccgage cgcaggaacce gcaggagtgyg acggacgacce 540
tegtecgtet gegggagege tatccctgge tegtegecga ggtggacgge gaggtegecg 600
gcatcgecta cgegggtcece tggaaggcac gtaacgecta cgactggacg gecgagtcega 660
cegtgtacgt ctcccccege caccagegga cgggactggyg ctecacgete tacacccace 720
tgctgaagte cctggaggca cagggcttca agagegtggt cgetgtcate gggetgecca 780
acgacccgag cgtgegecatg cacgaggege teggatatge ccececgegge atgetgeggg 840
cggceggett caagcacggg aactggecatg acgtgggttt ctggcagetyg gacttcagece 900
tgccggtace gecceegtecg gtectgeceg tcaccgagat ctgatccegte accgggatce 960
acttaagcgg ccgcecttgt atctctacac acaggctcaa atcaataaga agaacggttce 1020
gtcttttteg tttatatctt gcatcgtccce aaagctattg gegggatatt ctgtttgcag 1080
ttggctgact tgaagtaatc tcectgcagatc tttcgacact gaaatacgtce gagcctgcetce 1140
cgcttggaag cggcgaggag cctcecgtectg tcacaactac caacatggag tacgataagg 1200
gccagtteceg ccagctcatt aagagccagt tcatgggcgt tggcatgatg gccgtcatge 1260
atctgtactt caagtacacc aacgctcttce tgatccagtc gatcatccge tgaaggcgcet 1320
ttcgaatctg gttaagatce acgtcttcgg gaagccageg actggtgacce tccagcegtcece 1380
ctttaaggct gccaacagcet ttcectcagcca gggccagecce aagaccgaca aggcectccect 1440
ccagaacgcce gagaagaact ggaggggtgg tgtcaaggag gagtaagctce cttattgaag 1500
tcggaggacg gagcggtgtce aagaggatat tcttcgactc tgtattatag ataagatgat 1560
gaggaattgg aggtagcata gcttcatttg gatttgcttt ccaggctgag actctagett 1620
ggagcataga gggtcctttg gctttcaata ttctcaagta tctcgagttt gaacttattce 1680
cctgtgaacce ttttattcac caatgagcat tggaatgaac atgaatctga ggactgcaat 1740
cgccatgagg ttttcgaaat acatccggat gtcgaaggct tggggcacct gegttggttg 1800
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aatttagaac gtggcactat tgatcatccg atagctctgce aaagggcgtt gcacaatgca 1860
agtcaaacgt tgctagcagt tccaggtgga atgttatgat gagcattgta ttaaatcagg 1920
agatatagca tgatctctag ttagctcacc acaaaagtca gacggcgtaa ccaaaagtca 1980
cacaacacaa gctgtaagga tttcggcacg gectacggaag acggagaagce caccttcagt 2040
ggactcgagt accatttaat tctatttgtg tttgatcgag acctaataca gcccctacaa 2100
cgaccatcaa agtcgtatag ctaccagtga ggaagtggac tcaaatcgac ttcagcaaca 2160
tctectggat aaactttaag cctaaactat acagaataag ataggtggag agcttatacc 2220
gagctcccaa atctgtccag atcatggttg accggtgccet ggatcttecct atagaatcat 2280
ccttattegt tgacctaget gattctggag tgacccagag ggtcatgact tgagcctaaa 2340
atccgecgece tceccaccattt gtagaaaaat gtgacgaact cgtgagctct gtacagtgac 2400
cggtgactct ttctggcatg cggagagacg gacggacgca gagagaagdg ctgagtaata 2460
agccactggce cagacagctce tggcggctct gaggtgcagt ggatgattat taatccggga 2520
ccggecgecce ctecgeceeg aagtggaaag gctggtgtge cecctegttga ccaagaatct 2580
attgcatcat cggagaatat ggagcttcat cgaatcaccg gcagtaagcg aaggagaatg 2640
tgaagccagg ggtgtatage cgtcggcgaa atagcatgcc attaacctag gtacagaagt 2700
ccaattgctt ccgatctggt aaaagattca cgagatagta ccttctccga agtaggtaga 2760
gcgagtaccee ggcgcegtaag ctceccecctaatt ggcccatceg gcatctgtag ggcegtccaaa 2820
tatcgtgect ctectgcettt geccggtgta tgaaaccgga aaggccgctce aggagctggce 2880
cagcggegea gaccgggaac acaagcetgge agtcgaccca tceeggtgete tgcactcgac 2940
ctgctgaggt ccctcagtec ctggtaggca gctttgcecce gtcectgtceccge ceggtgtgte 3000
ggcggggttyg acaaggtcgt tgcgtcagtc caacatttgt tgccatattt tcctgctcetce 3060
cccaccagcet getcettttet tttetettte tttteccate ttcagtatat tcecatcttcece 3120
atccaagaac ctttatttcc cctaagtaag tactttgcta catccatact ccatccttcee 3180
catcccttat tectttgaac ctttcagttc gagetttece acttcatcge agcttgacta 3240
acagctaccce cgcttgagca gacatcaggg cccatgtttg aactggagac tccgtctatce 3300
agcactctcce agtgtcacat cttcgcecgcet gtttacctet gecaatgecte attccagaac 3360
atggcgcata ccacgctgac tattgctgtg cgtacggccc aaattctcgg tettcatcte 3420
gacccacceyg ctgacctgee gcgaccacag agggaactgce gtagatgcat ctggtggact 3480
ctctacgtgg ttgaaaccaa gacttgcatg aaacttggcc gaccatcatc cgtgtccgag 3540
gtgacagagg cctgtcagct ccctgctgat gaccatgage ttgctceggca gtcactgteg 3600
aatattgcgg ctcgtgggga caaagtgacc tggtttacct actgctgcct agtcacaact 3660
ttggtgctgg cggcgcatac tgtccactce aggtactggg acaaatgtgce cgaccttcetg 3720
gecggcegaatyg gagcaagaag tttgtacaca gacgccegect ctetcaaaca ggcggcagaa 3780
ttttttgegt tgcaaatggg cgtcatcaca gaatggttag agactgtccce tgatgctatg 3840
aagacaggac gcagaggggc gggtgaacct ttttcgacag acggctctaa gttagaccca 3900
gaacgctatg ctacaccatg gttgcagcgce caacggcttce tgctggagca tctcectaccat 3960
aacatggtca tgaatatcta ccgatccttt atcagttttce cttcteccgte atgtcecgeca 4020
cctaatggcg ttgtccaaaa acatgcagtc tcctgtgega agcatgcggce taccatcacce 4080
catgtcctet gegagacgtt ggctactaat gacttcctca aaggctggta cgaggcctat 4140
cagtggcaat ggaacgcgat ccttctttta tgggtttegt gectggcecttat cccactcact 4200
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cagagagtgce gggcgeccge gcagcattceg acacggcgat aaactagtcece gceggggatce 4260
acttaacgtt actgaaatca tcaaacagct tgacgaatct ggatataaga tcgttggtgt 4320
cgatgtcagce tccggagttyg agacaaatgg tgttcaggat ctcgataaga tacgttcatt 4380
tgtccaagca gcaaagagtg ccttctagtg atttaatagce tccatgtcaa caagaataaa 4440
acgcgtttte gggtttacct cttccagata cagctcatct gcaatgcatt aatgcattga 4500
ctgcaaccta gtaacgcctt caggcteccgg cgaagagaag aatagcttag cagagctatt 4560
ttcattttecg ggagacgaga tcaagcagat caacggtcegt caagagacct acgagactga 4620
ggaatccget cttggctcca cgcgactata tatttgtcte taattgtact ttgacatget 4680
cctettettt actctgatag cttgactatg aaaattcegt caccagccct gggttcegcaa 4740
agataattgc atgtttcttc cttgaactct caagcctaca ggacacacat tcatcgtagg 4800
tataaacctc gaaatcattc ctactaagat ggtatacaat agtaaccatg catggttgcce 4860
tagtgaatgc tccgtaacac ccaatacgcc ggccgaaact tttttacaac tcectcectatga 4920
gtcgtttacce cagaatgcac aggtacactt gtttagaggt aatccttctt tctagaagtce 4980
ctcgtgtact gtgtaagcgce ccactccaca tctceccacteg acctgcaggce atgcaagcett 5040
ggcactggcec gtecgttttac aacgtcgtga ctgggaaaac cctggcgtta cccaacttaa 5100
tcgecttgeca gecacatcecee ctttegecag ctggcgtaat agcgaagagg cccgcaccga 5160
tcgcecttee caacagttge gcagcectgaa tggcgaatgg cgcctgatge ggtattttet 5220
ccttacgcat ctgtgcggta tttcacaccg catatggtgce actctcagta caatctgcetce 5280
tgatgccgcea tagttaagcce agccccgaca cecgccaaca ccecgetgacyg cgcectgacyg 5340
ggcttgtetyg ctececcggcat ccgcecttacag acaagcetgtg accgtctceccg ggagctgcat 5400
gtgtcagagg ttttcaccgt catcaccgaa acgcgcgaga cgaaagggcc tcgtgatacyg 5460
cctattttta taggttaatg tcatgataat aatggtttct tagacgtcag gtggcacttt 5520
tcggggaaat gtgcgcggaa cccctatttg tttatttttce taaatacatt caaatatgta 5580
tcegectecatg agacaataac cctgataaat gcttcaataa tattgaaaaa ggaagagtat 5640
gagtattcaa catttccgtg tcgecccttat tceccctttttt geggcatttt gecttectgt 5700
ttttgctcac ccagaaacgc tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg 5760
agtgggttac atcgaactgg atctcaacag cggtaagatc cttgagagtt ttcgccccga 5820
agaacgtttt ccaatgatga gcacttttaa agttctgcta tgtggcgcgg tattatcccg 5880
tattgacgcce gggcaagagc aactcggtcg ccgcatacac tattctcaga atgacttggt 5940
tgagtactca ccagtcacag aaaagcatct tacggatggc atgacagtaa gagaattatg 6000
cagtgctgcce ataaccatga gtgataacac tgcggccaac ttacttctga caacgatcgg 6060
aggaccgaag gagctaaccg cttttttgca caacatgggg gatcatgtaa ctcgecttga 6120
tegttgggaa ccggagetga atgaagecat accaaacgac gagegtgaca ccacgatgece 6180
tgtagcaatg gcaacaacgt tgcgcaaact attaactggc gaactactta ctctagcttce 6240
ccggcaacaa ttaatagact ggatggaggc ggataaagtt gcaggaccac ttcectgcgcetce 6300
ggceccectteeg getggetggt ttattgetga taaatctgga gecggtgage gtgggtceteg 6360
cggtatcatt gcagcactgg ggccagatgg taagccctcecce cgtatcgtag ttatctacac 6420
gacggggagt caggcaacta tggatgaacg aaatagacag atcgctgaga taggtgcectce 6480
actgattaag cattggtaac tgtcagacca agtttactca tatatacttt agattgattt 6540



51

US 9,238,826 B2

-continued

52

aaaacttcat ttttaattta

caaaatccct taacgtgagt

aggatcttct tgagatcctt

accgctacca geggtggttt

aactggctte agcagagcge

ccaccactte aagaactctg

agtggetget gecagtggeg

accggataag gcgcageggt

gegaacgace tacaccgaac

tccegaaggy agaaaggcgyg

cacgagggayg cttccagggg

cctetgactt gagegtegat

cgccagcaac geggectttt

ctttectgeg ttatccectyg

taccgetege cgcagecgaa

gegeccaata cgcaaaccge

cgacaggttt cccgactgga

cactcattag gcaccccagg

tgtgagcgga taacaatttce

<210> SEQ ID NO 13

<211> LENGTH: 20
<212> TYPE: DNA

aaaggatcta
tttegtteca
tttttetgeg
gtttgccgga
agataccaaa
tagcaccgee
ataagtcgtyg
cgggctgaac
tgagatacct
acaggtatcc
gaaacgcctyg
ttttgtgatg
tacggttect
attctgtgga
cgaccgageg
ctecteccege
aagcgggeag
ctttacactt

acacaggaaa

ggtgaagatc
ctgagegtca
cgtaatctge
tcaagagcta
tactgtcctt
tacatacctce
tcttaccggy
ggggggtteg
acagcgtgag
ggtaagcgge
gtatctttat
ctegtcaggy
ggcettttge
taaccgtatt
cagcgagtca
gegttggecy
tgagcgcaac
tatgctteeg

cagctatgac

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 13

ccatccttee catcecttat

<210> SEQ ID NO 14

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 14
caattctgeg gacgacaata
<210> SEQ ID NO 15

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 15

gcatcgtgga ggttcttgat

<210> SEQ ID NO 16

<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

ctttttgata atctcatgac

gacccegtag aaaagatcaa

tgcttgcaaa caaaaaaacc

ccaactcttt ttccgaaggt

ctagtgtage cgtagttagg

getetgetaa tectgttace

ttggactcaa gacgatagtt

tgcacacagce ccagcttgga

ctatgagaaa gcgccacget

agggtcggaa caggagagcg

agtcctgteg ggtttegeca

gggcggagece tatggaaaaa

tggecctttty ctcacatgtt

accgectttyg agtgagctga

gtgagcgagg aagcggaaga

attcattaat gcagctggca

gcaattaatg tgagttagcet

getegtatgt tgtgtggaat

catgattac

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7669

20

20

20



53

US 9,238,826 B2

-continued

54

<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 16

tcccagtace tggagtggac

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 17

gtaaggatct gtacggcaac

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 18

agatccacat ctgttggaag

<210> SEQ ID NO 19

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 19

gaatggcgta ggactgttg

<210> SEQ ID NO 20

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 20

cgtatccata aactcggtaa tc

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 21

tggaggtctt gacagagatg

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 22

ctccattgtyg caggtaattce

20

20

20

19

22

20

20
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 23

gaccactcte aacaagatge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 24

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 24

ctgaaatgeg ttectttg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 25

aacacgtctt ttcegetate

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 26

gatcaaagag tgagcttteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 27

tcgcagagty caaaagatag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 28

tctgtgacat cgacaaacac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 29

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

20

18

20

20

20

20
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<400> SEQUENCE: 29

agtactggga tttggctacg

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 30

atgcaccaga tagttctteg

<210> SEQ ID NO 31

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

aacatgcagt ctecctgtge

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

acgaaaccca taaaagaagg

<210> SEQ ID NO 33

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

ggctgaaagt aatctatcag aaaag

<210> SEQ ID NO 34

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

tccatcagga agaatccag

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 35

catacgtgge tggagetg

<210> SEQ ID NO 36

20

20

19

20

25

19

18
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 36

gaagcgggaa gagtttgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 37

gaccagaggg gatgttctac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 38

actctgtece tggaatgaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 39

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 39

caagattctyg cgtcttcate

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 40

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 40

taataggcga atctggtgte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 41

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 41

gatattgtag ccctgtgtge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 42

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 42

18

20

20

20

20

20
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acatgctgat cacgtaaagc

<210> SEQ ID NO 43

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 43

aaatagacga ctcccacctg

<210> SEQ ID NO 44

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 44

ccgtctacca agtagtcacyg

<210> SEQ ID NO 45

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 45

tgggctttac tttcagatce

<210> SEQ ID NO 46

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 46

tgttcttgge cccttete

<210> SEQ ID NO 47

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 47

gtcacggcga tttatcttyg

<210> SEQ ID NO 48

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 48
cagcattgee ttttgagg
<210> SEQ ID NO 49

<211> LENGTH: 18
<212> TYPE: DNA

20

20

20

20

18

19

18
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 49

gaccgcaagt atctegtyg

<210> SEQ ID NO 50

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 50

tgggtaaatyg cataaccatc

<210> SEQ ID NO 51

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 51

gcagcagaag aagctgaac

<210> SEQ ID NO 52

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

gggaggaggt tctgaataaa g

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53

gcatagcetgg tggtatatcg

<210> SEQ ID NO 54

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

agctagcatt cttgegtte

<210> SEQ ID NO 55

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

cattcattcg cttgtagagg

18

20

19

21

20

19

20
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<210> SEQ ID NO 56
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 56
caccttttet gttteccacac 20
<210> SEQ ID NO 57
<211> LENGTH: 26755
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 57
cgtctaagat tttagetcectg ttctcaatce cectgtagtge aacctgaaaa gtcaagagcg 60
caatcttagt gagggtctct tatttgttgt gactgttcta gcagggccat actcgaaaca 120
ttaagcccag gatgececttg actgtaccca gtecgaacte agetggcaag gcttcecgaatg 180
ctgatagggt cacgtccaac gccatcecgg teegttgece gcaaccagta tttttggcat 240
aagcgtettyg ggcttgagta agcgattgga tgaccaccte ccaggagcat tggtagaatt 300
ttggctccee gggttggetyg tegtegtget tgeggagaag gttttcecaga tacctacgga 360
aaagaaagtc attcgatacc ccattacaat gggtacctat tggccgttaa gaggactcac 420
tcaatcgect gctectcatce ggagatgtac cgettttege ttegatcegta atcggecgge 480
gtectgaagyg ctgggtgatg agccectget ttetttegga tecatgectce atcectcatcece 540
gttgctgget cagattttet ccatggaagg cgagaaaaat gatgcttctce tttgcccatg 600
atagtttctyg aggctggaaa gcgtaagggt teggtgtgtt gggaggageyg cagaagagat 660
aaaatggttt ctcgatattt atcccattge tgacatgectyg ccataggcete gccaggctga 720
gaggctgage tgagtagtcg gaggettcce tettctacte gtectatgact gettggtatt 780
gcaaggatac gtgaatgaca gcagtgggat gagcaatcag ctagcgcagce ctegtttett 840
cacgectgag cctgttggcece acaacccttg ctactactga caggaccgece gttcetgtett 900
cggctgacaa tgaaggtgcce cctcettetet catccacgac tgtttgttga tgcaaggata 960
tgttcatgac agcagtgagg tgaaggccac tactgcagcce tcgttactcce acgcctgagg 1020
ctgcggctag cactctcecgtt aatgctgaca gggctgtege cgagttcacg taggagtatt 1080
aaatacgcgt cgtcagctcect tgagtcgaca atcctcgceta cgtctegttt ttetttecte 1140
gcttaaagece tttetgttcee ggtettgcag cttactcaac taccttttte atagaaacca 1200
aggaggaaaa ataatgaaag aagagctgca catgtcttct attaatcccce aagaggattce 1260
caggcccaat cctgaccagg agctggtccce tatgtctaaa gaaccttcca cgtctactac 1320
cacgagcgcet aggagtgaag gggcagaagce taggatgact gaggaggaga ccatgacggg 1380
aagaaagaga cggagaagag aacggaaagc tcaccggacyg tgccaaaaaa ctctgaagat 1440
gaagtgaaag aggaccggag agtaaatctc ggggtaagat actataattt ccagggcettt 1500
atgaatcgaa ctgtggggga cgactgggat tatacgattg aagtctgcat cggccggecce 1560
aaccttctgg aagagattcg tgaagaactc aggaggagag aagcaatcga gaagaagaca 1620
tattccggca atcacaggcc tcectgatggce gaatctecegg aaaaaattgg tgaaaaccgce 1680
aagttgcacc gggtgcgcat aagatcgcca acagtgctca gtcatctcga acgtctaacc 1740
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cgcaagctgg gtaacggttce tattttgaat gaggaggaca acttggtgtt tatgtacccce 1800
ttttacatct taggagtcta tcecttgacgac atgcgtgaaa tcctagctga catggagaga 1860
ggagtgctgg cgtctggcte tatcccecccece agcgagcectyg agcccaaagg cctgtcteca 1920
tcagtgtcge cgtcgcccat tgaccagatg aagtgctteg ttcagttcgt ggaaagttcg 1980
atcctaccca tccataccge tcectceccgacag ctggacgcecce aaaccagtag aagattgtcet 2040
tatgcggaaa tctcattgcet gettgagecg ggtgagctaa tctacgtcge cccctegete 2100
atgacgacga agatgctgga tcgatcagca gtccagactg ttttccgatg tttgacccga 2160
atcccagecg atcatccgat cagcatcgac gacagcggct ggctgtceccte cgacatagga 2220
cgtcttetgg cggatgtata ctgcctggac catgatggtg aagaatacac cgtctgttgg 2280
cgcaaattgg agatggaata tttcgacggg gagaaagaca ttaccgcttt gecccttcetat 2340
ccettgaaat ttcatccaaa ttacgagcga ttcecctatcaa accgtgcteg gcagggaaca 2400
gcattccgag cgctcecgtgga ggacgaaaac ttgcaccact actacgcagg ttggacgctce 2460
attactggtc tctttgaacg gaccgagtca gacggaaagt ccacggagtce caagccggag 2520
gattcagagt atgtcgatag cgaggtcttt ctggacaccc aggaagcacg acgacatatg 2580
gacgactggt cctctectceccg tgagecttte acaacgaagg gaagcecttgce catcaacgac 2640
ggcgcgaagt tcectgtctatg gcatatgact gaaaagaaga ctgtggcaga gaagctgaac 2700
aggatactca cgcgcgaaga ccttgtctac tggcgagcaa gggagcgata tcectectcecgac 2760
aacaaatggg tgatcgacga ccgggtcecttt ataaaagagg aatggacgga cgaagatcta 2820
gcgetgcette ccaaaagagt ctacggatac tcgttacggg acaggaagtt cttgcggcetg 2880
gatgttgaca aattccgacc acacacgctc aagaccaaag ccaatctgga caagatcgag 2940
atcaaagata gccaccgcat gataattaga gctgcggtca agtcccattt tgacagagceg 3000
gcacaggtcee tgaaccgaga cgaggccact catgtceccceg acatcttecga gggcaaaggce 3060
cgeggteteg tcatccttet tecatggegcee ccecggcegteg gcaagactgce cacagcggaa 3120
gcagtggcege tagaattcga caaaccctta ttccagatta cttgcggecga tctgggcacy 3180
gggcecgegyg aggtggaaac gtcactgaag gcgattttec gctacgcgaa catgtggage 3240
tgcatcttge tcctagatga agcagatgtt ttcecctgactc agagaaaccg gacagatgta 3300
gagcggaatg cgttggtctce aggtacgtat ccattttgtce aggcagtgct ggtggaccag 3360
ttgtgctgca gatgcagata tgtaaatatg aaggcatcct cacactcaca ccgcaatagt 3420
gtttctcagyg gtecctagagt actacagcgg ggtcctctte ttgaccacca accgagttgg 3480
cgcactagac gaagccttcecce ggtcgegtgt gcacctcage ctgttctatce cgcatctgaa 3540
ccgecactgat atggcegaaga tcctagagag caacctacag cgactaccge gggacgacaa 3600
attgagccct ggagccactg caggcccaaa ccatgtcact gtgatggaca gtgagatccg 3660
ggagtttgtc ctgcagcagt tcgacgagca ctataagttg cacgagagag gaccctggaa 3720
tggacggcag atccgcaatg ctgttcatat tgccatgtge ctggccttet ttgagaacgg 3780
caggaagggce cgcagggctc cggccattcet aaccgcggag cattttcegea aagtccacga 3840
aactattgcc gaattcgagg actatttgag agccgctcega accgtggatg atgagaccct 3900
ggctcagatg gaaggattgc gatatgataa agaagggcag gcgtacaaaa ggcaacttgt 3960
cggctctact aaatttcaca gatggtcaga aaatgagcgt caagtgactc atcaacgcca 4020
atccgtecge gagcaaggac agtcatatcg ggaaacgacc tcttatacac cgtctaggceg 4080
ctcattecctg ggtggggata tcgactctcee accagaatcce aggtttageg gatcgggggce 4140
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70

cgcagegaga

gcacgagaga

gaggaactac

cggetegect

gtaccctaag

gtagttcgtyg

ggaactggaa

agtccagtta

ccagaccgta

agcectetet

gagaggtegt

cagttetgec

tagtggccag

catcatcaga

gaaaccgcca

acgcggecag

acagaacagc

taatatactc

tcagcatggyg

taaagagcgg

tgctgtggtt

acaggacgag

ttcaatttag

caccggettyg

acagttgaag

catattctat

aactcagatg

gcgaatcata

cagcctgaac

tccttecagta

gggtcectet

ctgeteegte

gtattaacac

getetatgge

tctgeectygyg

cegtegeagt

ttttegeege

atcagecteg

gacccagata

ccaaccagcc

tataacatgt

aatttgtcte

gaatcagttce

gggcagtaaa

gaatcgagag

ttcctcatta

ctcgegteca

tatctgtatg

tgtaacagca

aattggtaag

agtttgctaa

ccagtgtett

tgcagagcca

gaagacgcta

atccageece

aagagcagaa

gtggatattyg

cttetttaga

atagagcaac

caattgtgat

ctatttacac

agcgaaatga

ctaaagcttt

agatttaaat

tcttcatcce

gggaacgatg

cactgccgaa

ggcgaacgac

ctattattcce

acgagggatc

cgaatacaat

ccttagataa

ctegetattt

agccactgte

acaaagagca

gtggaagcca

acgacgeeceg

cgatcgacga

agcggtaccc

ctgactctygg

cagacagacc

gctcaaggte

ggatgaagct

gtagtgecett

tctgatatat

gtcetegaga

tacattttta

taggaagtaa

ataggttgecc

tacgccaatc

ctatcagttg

atctgcettac

agagggtcca

tggcggteca

getgacttty

tcaccaagca

tcaacctcaa

tgaggaattt

gaactgaaga

acgatagttc

gatatcaaca

attggaccta

cgggaaatca

actaaaataa

geggteattt

tctgetggge

caggecettet

aacgcattct

tgttgagaat

atcacatcga

catcgttecag

gagtcaactce

cgaatacaag

cgaccttgta

cagcagccac

gatgtcagat

gaagttgtcg

gecgegagaa

ttacggagag

acgaactcca

ttcggtccga

aggtgttggt

ttcectggget

gaaaggggca

aaaccattat

tctectecttt

tatagccect

agctaaagta

tcctataatg

cccatggttyg

cgtctgaaga

agtcgegatce

tcgtgcagge

ggagtggggy

gacaagttga

agtgtttatt

tttgatgcca

atactgcgtyg

ttggtatacg

agccagaaga

aacgagctcet

acggectgec

ttctacatga

getgattceta

tatacactga

atgttttece

ctgatttttt

aagcacgggt

agtaagacac

cctegtetea

acattgacca

gaaacagcct

acgcctgaaa

ggttctcacy

gtgaacaatt

atgtactgga

atagacgact cccacctgge

acaggtctge gtgggactce

aatcgtgact acttggtaga

gggagagatt gactttacgg

accattttgg cagatcaaca

ggtgctggta ccctaacacg

gtcattcaag agtccatggg

catggacagt tggcgatata

tcggtecace attctgeace

tgtgttcgca gcacagctta

aactatataa attatataag

cccatgegtt tacactgcaa

cacccatage ctgatagtce

geggtgacta cataagacca

attactcgac caattcgttce

agtgtcaatt atgcgtattt

gacagggtat ggttggagta

acaagttggg atccattata

tatatcttga agacgagaca

atatctctce aggatagatc

atttatgaaa agaggtttcc

gagateggge ttttetaggt

atacaggagc ggctatacgg

taaagtaaca tgattttggce

atctcggetyg agccgatcaa

agagaatgtc tagatcaact

tcataaggct ggegttgtet

cggatggaca gcggcegagta

ttccagtatyg accatagacc

gactatcagt ttactgttcg

gacggatcce gctgatectt

aagcgagtte ccgattgcaa

agggatataa tcaacactga

acatgtcacc cccacttgac

ttceccagaac tgaaaaagac

aagaaatcca gactgggtac

actccagege ctectcecaat

cgccaaatgt attccatgac

aggcggcgaa tgaaacggta

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480
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gggcctggtt cactcatcag ccatgagagt tgaccttatc tcettttactce cacaggtgat 6540
tagagagccg tatgactaca tcgctgggat cccaggcaaa gagatccgece gaaagctcett 6600
ggaggcctte aaccactggt acaaagttga cgaacagtcg tgccaggcta ttgcaaccac 6660
tgttggtatg gcacacaatg catccctgct gtatgttgca tccagtctet ggctcaatcg 6720
cgttttcacg agctaataag cactccacag catcgacgat attcaagaca gttccaagcet 6780
ccgaagaggt gttccatgeg cacatgaagt gtttggcatc gecccagacca ttaactccgce 6840
caactatgtc tactttctgg cgcaaaacca gctgtttaga ctgcggagct ggccccaggce 6900
aatttcggta ttcaacgaag aaatggtcaa tttgcaccgc ggtcaaggca tggagctatt 6960
ctggcgggat aacctgctge ctceccgteccat ggatgactat ctgcagatga tcgctaacaa 7020
gacaggtgga ctgtttcgga tgatagtgcg gctgctccag acaagcagca gacaggtcat 7080
tgacgtcgag cagttggtgg atgttcttgg gctttacttt cagatccteg acgactacaa 7140
gaatatcaga gaagagaagg ttcgtcttcg tcgaaccaga tcgagaacta aagaagactg 7200
actacttcge actagatggc cgcccagaaa gggttctteg aagacctgac ggagggcaaa 7260
ttctegttee ccatttgeca tgcaatcgga gaaggggceca agaacagaac tgctctgcetce 7320
catatgttga ggctcaaaac ggatgacatg aagatcaagc aagaagcagt ctgcatactg 7380
gacaatgctg gcagtttaga ttacacgcga gaggtgcttt acgggctgga caggaaggct 7440
cgcagtetge ttcgggagtt caagactccg aaccctttca tggaggctcet tttggatgca 7500
atgttgagca gccttcaggce atgccattga ggtttatcag actgaatatg acagtcctgce 7560
gcatttgatg agataatgac attgtttctt cttgacttta tgtatctcta agggcctgtce 7620
ctaaacacta catatctttc cgaccatatc ggatcatgga ctattttcta gatacaagcg 7680
cagtacttat gcctatgttt accggggact tactcgggac acttgatccg gttggagetg 7740
tttctgetge ccaatgctac tgtagaagac tgcattgcac actactacgg cgaaagggcce 7800
cagcacggcg actacgagca tggaaatgtt atggctaata gccactgatt cattcacatt 7860
cctagcttac agccgtataa aatagagata cagcattcgg aacgcatcat tettcactag 7920
gagtgaattg atagggttga gtaggcgatc ccacggcgtyg cagcggtgcece acgttctgece 7980
acgttctact atgcgtggat gataggatat cccaattgtc agatttagcc tagaggcgta 8040
atcagctagce taacactacc gtttcggcce tgtctcgaat cctcececctat ggtgecgatce 8100
ccaacctgcece gaatgtggtce ggatccccct gcgatcctece gatccectgg acggattgeg 8160
gcggtggatt ttcagtagca taatttccct cagtacatcet gactcttagt cagaaatgcet 8220
aataaataca cgctgtggta tatactgaat gaattcgtgt agcgaaccgg aggctctctce 8280
tcccaaaacg ttettgttca ggaagacagg acgtcaataa gaaacaccaa cagtcttcce 8340
acggccgcac caaacccaac gatatggaca ctttcacate cctgacgceca ccgtggaatg 8400
caggaggggg cttcatgcga tectatttceg acteggegge ctcagcaggg aaggcecgceca 8460
gggactttect ccggagccac gaacgttttt cccgagcatg cctgtgtata tgcatcgget 8520
acgctttgte cgtatggatg ctgcctgtta ggatcccaat cacaatcgag ggcttcacga 8580
cgtcgetgac gataccccag acccagecgct tggatcaagg agacaccatt ctgcaagtgce 8640
atgctgaccce aagtgcgaag atccggatcce ataatgatag gtaagttagg cacaacacag 8700
agtcctgecg tgagaccaac tactaacaga catgcagtca tacagagtct cctatccagce 8760
atagcgaagce atggctggaa getgttegece aggectgtgg gagcageget gaggecgaaa 8820
cgcagatgct ggccatgcac cgaggtcttg cgaagcgaga cattgcaagt gtatcggtat 8880
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cgtctgecga cggtagtggce caagcgcaag catatcagca ggtctatcte ttcaagtgtg 8940
gtgatgtcge cggggctttt gataagagcg atgatgcceg gttgaaccgt gcectttgtac 9000
acaatatcac gatcggcgcc tatcttaata gccgggcaac aggagcttta tcegatcageg 9060
cactcgegta ctgggtaccce cagctcegtcee tggecggcage attggceccctg getgtactceg 9120
ggtcatggaa tcccaagcaa aaggectect cgectteegg accagcegacce agatcagcac 9180
gttcacgaac agtagtgact caacccccag tgccaaaggce agtggcagec cgacccattg 9240
tcggttetgg ccacagcaaa cgtccatctg atgtggagat acgcgccatg cctgagagtce 9300
agatcatcga actgggcacg ctgggccaga tcccccttta cagccttgaa cgcgegetcece 9360
aggaccctcet tecgggctgte aaactgcgac ggcaaatcegt ctcccagcat caagccactg 9420
gcaacatcga cttcacaacg gacggcectcceg cgctcecgta cgaaggatac gactacaaag 9480
cagtcctegg agcectgctge gagaacgtga tcgggtatat geccatccet gtgggegtceg 9540
ccggtecgat caaaatcaac ggaaagatgg tgtttctecce catgtccacg acagagggcyg 9600
cgetggttge gagcacgaat cgtggctgca tggcgatcaa cgccggtgga ggcgtgactg 9660
ctetggtget gggcgatgge atgacccgag cgectategt tecgatttcecece agtctcegaag 9720
aagccggcgce cgcaaaacaa tggctgggct ctgatgcagg atttctcatce attgaggacg 9780
cgttcaatgce atccagccge ttecgctegge ttcaaaacat taaggccacg gecgttgget 9840
cggacctcta tatcecggtte acggccagca cgggcgacgce aatgggcatg aacatgatct 9900
ccaaaggggt tgagcaagcg ctggaggcga tgcaaaagca cgggttcgag tcectatggatg 9960
tcgtecteget gtcggggaac ttectgtgegg ataaaaaacce tgcggetgtg aactggattg 10020
aggggcgagg caagaccgtg accgcgcagg cgacaatacce tgaacatgcg gttcgagaaa 10080
cactcaagac cagtgtcgag gccctegtgg agctcaacgt ctccaagaac ctggtgggca 10140
gtgctgttge aggggctctg ggagggttca acgcccatge cgccaatgtt gtcacggcga 10200
tttatcttge cactggtcag gatcccgcac agaatgtgca aagcagcaac actctgaccg 10260
tgatgaaaaa gtgagtacac tgcctctaaa gatattctga tagatgttgce ggcgctaact 10320
ccecgagecagt gtgaatggtg atttgcaaat ctcectgtttte atgecttceca ttgaagtcgg 10380
caccgttggg ggagggacag tcctgggccce tcaaaaggca atgctgcaca tgatgggcgt 10440
ccaaggggcce gaccccgaac agccaggtag aaacgcacag gagctggcecce tgctggtgge 10500
ggctggegtyg ctggctggag agctcagtet ttgctectget ctgtcagegg gctegttggt 10560
gaaaagccac ttgacccata atcggaagaa aggatgatga gcatgatgac tatttcagaa 10620
tatgactata gagtagatga atcaggagag ggtctagatt atatgaaagc gtaacatagc 10680
aatagtgtct gggatctagg actacttttt ttctaagtgt tgttctatat acctggctca 10740
tgcttctaca atacggttcc ttaggcatct gcagatgtct ctgagaagct aacaaccatc 10800
atattcaaca atatgcctcecc tttgaacata actttggtge tcgaggtctce gggctgtcga 10860
aagctggcgg tatcataggce ccagggtctt gattcatcaa tgtaaaaggt taggacacca 10920
tatagattag aagtgatcat gtagagttac tccattgtgce aggtaattca agcataaaac 10980
aatcatgtgc gagatcacat ccgactcgca atatctctaa agcgtaaatc tgcccecgtaca 11040
catcagtcac gtcgcaaaac atctgcacct tctccagcat cctcatcttg gecctatccet 11100
gcgeecgcecat ctectgtcaag acctccaage cccgcettcat gttggaccge tcaaactcag 11160
cgagagagaa cagctgcttc tgccgaaccg catctgattt tggcccggec tgggcaaact 11220
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cgggaaagtt gacgcagttg agattcttct cgtcgcggte acgggcaagce gatccgtaat 11280
cgttgtacat gcggcacatc acggcgagat ggcggcacat tgcttcagcc acatacttcet 11340
cttcgcaggt ctgaaagcac gecggcegttgt gggacgcctg ctcgaacccce agcaggcact 11400
ggtagaaggc aaacgagtag gggcaggagg tgtggtcgga cgaggtggaa gacacccagce 11460
ggtagaagct ggagcgggcg gtctcgaagt cgtcgegggt ggactccagt tgggcggcga 11520
agcggeegtt gtcecgtcecggece tgctctatgt gcgacagcag gaagacctga agctcegttet 11580
tgacgcgcte gtactcgagg ggcgcggcegg ccttcacget gggatggtece atgacgtggt 11640
ggacgaaggc gctaaggacg cggctcacgt cgcttgggag ttgtgacccce atcttgatge 11700
gtttggcttyg cggtaggatc ctgtgaccgt ttgcgtctge gtttcecttgga ccagactggg 11760
cctggattge gtcattcage teccggtttgt ccttgaggte gecggaagatc tegtcecgatge 11820
aggaccgggt catggatctce tggctgetgt tcagtctgcee gactaccget tccataaatt 11880
catcggcettg gtagttgagg aacgaaatca ccatcatctc gacaagggtt ttcgtggaga 11940
ggaaggtgtt cctgcggtta ttgcacaggg tccaggtgaa cggaatgtac tcaaaatact 12000
tgtcttette catgccegtyg cgagagaaga cggcaagacg tcggtcgcege agetgtggceca 12060
ggagcaggta tccttcgacg atggcagcgce ggaccttcca gagttccatg ctcecgaaaaca 12120
ggggaagcat ggagtggaag cgtgcgaact cgatgacacg cttcttgcectg acgatgaaca 12180
gattcgccag acaggctgga taagaacgtt cgaaggacac cttcagcgcg gcgaggacat 12240
agctcttact gaggagaatt gagctgtatg tcaccttcecte tacccacaga tactcecgett 12300
tgtcgectge getgttttge aggaacttgce ggcctcgaga cacagccagce tgcacattceg 12360
tccacagetg attcaccacg ggcaactggce atgcgtgage gatggtcaga atagcatatg 12420
ccgtetette gtgggagtge gatccccagg atcecgttete gttetgagte tgtagtgtge 12480
gaaccaatgc ctgatacagg cagaccgata ctcgatctcet gataaactga ctggaaatcg 12540
acttgagtcc gccatctgac catacctgca gcagcttcecce aaacgcctca geccatgagca 12600
tggatggata gtacggggag aggttctgag agagtcagcg ctctgctatt tccatttctg 12660
ttgcgaaaag aagtgatacc catttatccc caatctcact gtcggeccgtce caccagacat 12720
cacacagaaa ggccgctget ttttcecgatct ggggcgacac agtggccgca tcgggegtat 12780
tcaacagcgce aagcaataca ttgctgtttg cagtgaagct gggatctcte tecgcegtgat 12840
aggtgcggaa gtgcatcggg ccctcgaatg catctattag tccctgggece gagactggtt 12900
tgtccaacaa ggagaccgca ataagcgatt tggcggtatce gtcggegtet gectggatceg 12960
acggagctat acaacagaat ggttagctac gtgagggaga gtgatagagc catgttgtgg 13020
gatcgtacca aatcctacaa tacctcctec tttgaccaac gcatcgcgaa gcatctcecgece 13080
gaggctgteg gtgtcttcga taccgagatc gectgtagaa tatccattgt ccaagagcegt 13140
ggtaagggcc tgaagttcag tcagctttga ttctagtcga gcaagctgtc cccttaccca 13200
cgagacctcg aaatactttg aaggatacgc gctcggcatt cctcecagtge cccctecgge 13260
gccattctgt agcaccaacc gcaagtactg ttcgcacteg tcegtcccagg aggaggaaaa 13320
catgagaaag gcggccgtgg acgatggcga gaacatgaaa gagccattga ccttetggtg 13380
cgccacttta tcaaagtcga tcatgcccac aaacgcctca agcgagtgca gegcggtggt 13440
tctggeggag tacaggtact ccggectgaa cttggagage ttgatgcgat tcagececggte 13500
gagctcggeg cgcccgtcaa attcaaactc gtgceccttte tcegecgcagga gccgcagaag 13560
cgcgggcaaa atgatttcaa agccaacgtg aacagtgtct tttacactcc acgcttgcag 13620
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ttgtcgtgag agggccgege gtgccegtee gattcgetcee ttcatttett ccacgggagg 13680
gtcggtgetyg gcaatcecgge tttetgcatg ggtctecgagg gceccagtaagg aggcetgeggt 13740
gttgaggata ccgtcgacgt cggaggcgta ggtctcccaa ctgccatcct ctagetgggt 13800
ccgcaggatg tattcgaage attttggcag gagccattga cgcccttcetg gtgtegtett 13860
ctggaccatg gacacccagg ccgtgtegta gactgccgeg gacataaagce ccagctctcee 13920
atcttttgtc cggagctgtt ggaccagctg ggaggcttge gtgcatagat ctgtcacgte 13980
tgcgcaagtce atggttcgtce tgactgcgag gagaagctga gcatgtagac tgaacgatag 14040
agagggagtt ccaggtattt gatgtcagcc agagtcaacc tggacattgt tcaagaggca 14100
ctccagactg actattgcgg teggtgacgg agtgaacggg cacggaggga tcatcttteg 14160
ccecggggga gcagtcectta aaatagectg ggcactggcet tatgtctcta ggagcaatge 14220
ctgcagecctce aagattgtgt tcgagtcatg gaagtttgte tatggattag acggactgac 14280
aggcctacca cccggcgaac tacatggggg ctgcatatat gctcaatccg geggtaacag 14340
tcaccgagat aatcaattgc ttatggattg tctgcccaag ggaactagag ctctetggag 14400
agcatggaat cgtctacggc aagcaatatc atgagctgta attcattgtc aatccatgtt 14460
cggatgacct agcttcacca tecttgtctac cttagaccca tcaattgctt aaagetttceg 14520
agctagcagt cggaaggcca gatatgggcc gcaagatttce cctgggatat tccctgacge 14580
acagagtgcg acacaatgag tcgtaggagc tgatatacac aaaattgatt gcatttctcecg 14640
ctaatcagtg ttctagagac cctgaacttc cttagagaaa tgtaccgtcc ctatagggtt 14700
tcgegtataa tcccggceggg tegggggact gatccttegg tgtcecggaatg atccatcget 14760
ccgatgcatg agttcccaat gaagtacttg aatatttecct tgtccecgtga tatagcatct 14820
gaacatttta attttctagt actctcaatg caccccggaa tcccacgegt cacccagcta 14880
tgaccgcegga tacgcttgte gacgcaccgg ctctgccgca tcagaatggce agtacagaag 14940
agaaactgaa ggagcgcgga agctttggaa agctctacac gtacaaggtc agcaccgttt 15000
tcatgttatc cctatgagtc ggaaagccca gcatatggtce gcagggctaa ctggcaacag 15060
cggagccecce gagccctagg catccaagct gtcgcaaaat ccatcggcett ggagetggag 15120
caagtcgagce tgcagccggce caacggcgtce ccagacttcet actggaacct gaacccegcetg 15180
ggcaagaccce cgacgtttgt cggcgcagac ggcctggtge tgacggagtg tatggcgatt 15240
gccectgcacyg gtgegttceccece cectecgactt acgatgatac gettgcetttt gtgetgaata 15300
acactcacaa gagcagtgac caacgaagac tcgacgacca cgctcctggg cagcagctceg 15360
ctcgactteg tccagatcat ccgctggatce tcegttcacca acacggatgt cgtcacccge 15420
atggcgtecct gggtccggece gttgatcgge tacacgcegt acagcaagga ggaggtgcte 15480
aaggcgcagce agcagacgac gcaggccatc ggcgtctteg aggacagctt gegcgaccge 15540
aagtatctcg tgggcgaccg cctgacgctg gctgatatca tgtgtgtcag cttggtgteg 15600
tttgggttcg cgcagatctt cgataaggag tggagggagg cctttccata ctttteggge 15660
tggtacatga tggttatgca tttacccatc atgaaggcag tggtggagga ggtgccegttt 15720
gtcgaggagg gcttgccgaa tgcaccgccce acggagccgt tcagggcgcece ttagaacagt 15780
aatactgcga tctatatatg ggtagaataa ttgtggaaga tctggattaa tcagataggce 15840
ggatctgtte cgcagtatac agtatttagt cgagcaacta cttggtctct gggatgtata 15900
gaagatcagg tcaaatcttc gttgcttget ctataaagta ctagtacatt ccacccaccce 15960
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atacaaagcg acgaaaacaa caattgctta ttattcatcce tatcgatgaa ctgcctggte 16020
cataaggctc tcagtatgat cccaaaccaa ctgaggtatc ttctgctcce gatactgcege 16080
cagaatcttg gtgctcggcec taacatccce cttceccaatte aacaggtagg cgccactcce 16140
cggttccecca gtaatgcectt tagcgacctce gccagcctcee agcggaacac cctggggcac 16200
aatgceccectge tttgctgggt agtgtgccga gctcagatgg aaaagatgtc gectcgecact 16260
ctcgeccgaga tccacggaaa acggcttcat gaacggccac acgaggtaat tgtagaaggt 16320
cgaaaccgga gctgggaagce tgttggtgta gatgttggtg ccaacgagac ccgggtagac 16380
gtgaatgaaa ctgacggccg ggtgggtgceg ggcgaggtgce tccatgctca gggaggtcat 16440
ggtgatggag tgcttgtagg cgttgagcag ggagaagttg tgcttgaggt cgaggtcgge 16500
cgtgtttatg gagtactcga agccgccgcece gtagacgcta atcacgcgge ttgggctcga 16560
cgcctecage agcgggagga ggttctgaat aaagcgcate cgggagtagt agcggagage 16620
gaagaggtag tcgatgcctt cgacggtttc tgtatctttt tgttagcgca aggtactccg 16680
tggacgggtc tccgtctgca taccgttteg gccccctaga gaaatcccecge ccggggtcat 16740
gaagagaaag ttcagcttct tctgectgctg gagaatctge tggcacgcegg cgtccacatt 16800
ccgtacgage gacacatceg cctcgatgaa gtggaagegg cccttggggt tcaattgetg 16860
cagttccgac aagaacggcc gggtgcgage ctecgttgcga ccgatgatat aggccegtcegg 16920
gctgteggeg taacgggcca gctggcgcag ggtgctcectgg ccgatgccac tggtgeccgee 16980
aacaaacaag gccgtaatgt tggggagcgce ccgaaggccg gcgttagatg cttgcaccgt 17040
cttcagagag accattctcg ttctcaatgg aaggaatcaa aaacgaatgg aaggactgcg 17100
ctggcegtgt tatttacatc gaccactgaa agccacctcg gtgatcccac geccgaaggat 17160
cagccagagt gggcccacgce gatccctceccee gtccgacgge gcagatcaga tcgtcacaat 17220
ccacattcca cagcggccat tegttcegcat ttatcagatce accatgctgg acaagatgge 17280
tgcgaccagce agaacagtcg gtacctgtct acactgtcectg aaccatggtt gatgcaacgt 17340
ctecceeecgg cgtcaacgca gtggtgaatt actacgtgce caacagcgat gggtctccge 17400
ctgccaccaa cgacatggcc gtcatgctgg gccaaaagga catgatttcc cacaaaatgce 17460
gaatccgega tcectgegecct tacaaggagg agtattcget ggatcgcaac ggcettccagt 17520
acgcgacgat ccactccacg cttacggatg ccaccgacga gacccagatc aaagaggtct 17580
actaccgaga gattgagaaa ctggtccaag atatgtgcegt gtgctegttce gectceccatga 17640
cgcgctagte taatctgcat gaatactgca gcaccggggce caagcgggtg cttgecttcee 17700
accatgcagt gcgcacccgce accggcaacg agttcggcga gcagatcaaa gaccgctacce 17760
agggcgtcga ggggcccgeg tatcgegtac acattgacca gaccccccag ggcgegctca 17820
gcatcgtgca gtttatgttt cccgatcteg cggacgatgt ccgcaacggce agtttccagg 17880
tgatcaacgt ttggcgcceg ttgacgcggg tgcagcgtga ccccctgatg gtggetgatg 17940
cggccgagat geccgecccgag gacctgette taatcagecg gaagtattac aacgggctge 18000
attcgtccaa ctttgtcatt aagtatgatg gtcgaatgge ggctggggag ggcccgacgg 18060
atgggctgag cggtgatgga aagcatagct ggtggtatat cggggaccag gagcccaccg 18120
aagcgttggt tttctcectceca tetggettee gcaatggaaa ggcgatcatc ggcacggcac 18180
atggtgcgtt ctgtttgcct gatcaagatc agtacccage tcgtcagage attgagtgte 18240
ggtgtgttgce tatctattga taaatcatgt ctagaccttt actcggcaga accaatgata 18300
aatgcatatg aacgcaagaa tgctagctca ttatatggcce atgatgagtc ccagatatag 18360
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aacttgttca

gcatgaccaa

tgcaatttce

cggagctgcg

ttegeteceyg

aggattccca

cattgectygg

agtggaatca

cgactgtagt

cggtategtt

tgttcetgta

tactggatta

gtggtgggte

tgtacggtag

gtggagttat

cgacatggec

ccaagggcag

acattgcaac

atatatagct

tatggatagc

tatataataa

agcgtttgee

gttactgect

cgccgacace

gaattcttgt

tcgactaaac

tgcagatatg

atccattgat

gctccaaace

ctggtatgag

caatgaagga

cttgacagta

tccccaacaa

gegegeatat

acctgcatac

tcatcgagte

ggcagagcgt

tgttcettggy

ccgagaacgt

tctattgacyg

tgctagctga

cgttaccatt

taagaaaacc

ctggtgtege

gcaccggaat

ttgttetggt

gegecatget

tctegeaatt

gtgctcgatyg

gatatactga

getectgagt

gtcaatgtaa

agaggctgat

tactagcgte

gecttggecy

geggtcaaga

gaatgactgt

tttcgatage

tgtggattgt

tgggttaata

ggttgacatc

gtggattgag

atccgtegga

atagggtegt

tatgtgecatt

gacaactata

cgctegeage

ctggtegeat

ccgaaatggt

tacgccaagg

caagaacgcc

gtatgtcgag

caagaatctce

gegeatgetyg

ggagctecte

caatgtgtte

cgteceegec

ctttgegace

ctctgacgte

tgctctagac

caccgacgac

gcatcacaga

gtcaggttac

gtttcagact

tggteggtgg

aaaagcgett

cttgtcgaag

cegegetetyg

cggtattete

ctggattcca

tctaacagga

gteggegggy

gataaggata

cctatatage

aagcaatatg

attgagagtc

ttcaaaaaaa

ctaageggtyg

gttacaggac

tcgttttett

gattatcttg

gggagtcgta

cgagtttggg

gttgatacag

cctggeacte

tctatctgga

attccaaatc

tggtaggact

tacgcaatge

atgttcaagg

gaactgcgat

ctgggaaagt

cagaccaagc

ttcgccatgyg

cacatcgtte

tgccgcaatg

gtcatgetgt

aacggagtga

gatttgttte

atcgceggge

aggaacaccg

ttcgattgga

ttteggatge

gttgggaatt

gaactgggta

cegetggage

atcggggctg

gtcttggaag

tcatgatgat

gaagaataga

ccacctatcce

gagacgaagt

ttactaaata

ccecegectgt

ttgatctect

atcctcatta

tgatcgtece

agaaggtect

ttggtctagt

aaggattcaa

ggattgatta

catatttage

ctaaaacaaa

tgggacccte

gatcctegge

cttcaaggec

acgtttctee

taccgttece

tcgeccgcaa

cecctgectga

actcgaccac

tgaccectaa

accaggagat

ttcgcategt

aggaatggcet

tgcggegett

cgcaagaggg gacagctegt

tctattcgga tattgatcta

cgectegtge geatteegeg

cagcttegee gattccccee

aaataatcgg ccattgcaac

tgtttctega gaggggagac

ttggctggaa tggttggaag

tatgggaata ctcacctgge

tctaagatga gttetgtttt

atcgtcettee tcccaaggec

agaccccaag cttegetatg

cgtaccgata tgtggecatt

cgaagggaag aggcggacag

caggcgacte ccgtggggeyg

cctegtaatt attggatgge

ctgactaagce tattcagacc

cgagtctggt catgtgacta

aactacgatc tatataaaca

tctgtaggta gctcagttte

tttgcaaaaa aaaacagagt

gecatctttat tggtaagtcg

cagtgacact actatgaatg

gggatgatce cttgccgace

caggtaggag tgtatagtag

ccagtattce cgtcaacatg

cttggagaaa cgctaagttce

atceccttecyg attcaccatce

gttettageg tggtctacct

cctttegtgyg gettecgatt

cagggcgete tggegcaggt

ccaggactct gtctaatgeg

cgactcagac atcctggtta

cgagaagatc agcgccatce

getgatcecte ctggagageg

tcteggetee ttcatcgagy

cccegegaac ctagacgact

ggcgegeate tcegcacgeg

ccagacctet attcactaca

ccccaagtgg atgcacccga

18420

18480

18540

18600

18660

18720

18780

18840

18900

18960

19020

19080

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700



83

US 9,238,826 B2

-continued

84

ttgtgggaca

gcatcatcag

atgtaaagcc

agcccgacaa

ccatggegge

tgcgegagga

acaagatgcg

tctgtaggta

ttcaaccgca

acgcatttca

gaccaattcg

caccagtteg

ceceggecget

tacgaattca

ctgtatccag

gegtcegatca

ggagtagcce

acgattttac

cggccaaget

gagtaggata

ctttggeact

cccaaagtac

ttegtetece

tcgttgaacy

acagagctaa

tactcgtetyg

ccatgttecag

cttcaacget

agagacgacc

gcaatgcggg

tctececttet

acaggaacgt

atgggggaag

gcaaccgatyg

tcgacctaac

cgaccagect

ggatgccgee

ggagtcgcga

ggagactgce

gtttcagcac

cctecteccee

tcccatggty

caacgatctce

getggegeac

ggcgcactge

gatcaacgac

caagctggac

ctcettgtea

ttgtctegga

gecatgeecte

atgggtteceg

ccatgaccga

tcttegecte

aataccceeg

atcegtegge

cgcegeaget

aaggtcaatt

tttecetttgt

gecatctctee

getegetaag

aaaactagct

caacgccact

ctatcatgge

ggagatatga

gegtactega

ctcgtaacge

ccgcetaccag

ctttgtacte

agcgctagga

gtgcctatge

gatccttgac

caccgtttte

agcagcagca

agaccccaga

agcaacaacc

aacccgggea

agtcaaccgg

atcgaaacga

cattccaccyg

ctceecatgyg

agctactggg
cgccageged
ctccagtgga
cgccagetec
ttctacgatc
gtaattgcce
agctttetta
tatccgataa
agacctgacyg
cgeggecate
atactacaag
caacaacaac
caacgagatc
gggegegaca
acgtctgete
tgtctcagee
geggatatgt
ggtgtctaat
tactagggaa
agcctacttt
taatatagaa
caggaaccat
tccataagag
caggccccaa
gegtgagata
cgcacgaata
cttagtctgg
agtatcgaca
ttcttgetyg
tgacgtagcec
tcctacctga
gecatcccgac
accccaccag

cttegagagyg

tgcgcgeatyg

tgcecctgtet

ggaagcgaca

tattgtegte

cactcegtte

gattcgcgat

caatccacag

gegcagaaga

tgatggacgg

tcctaagect

tctgccaaca

aggatggegg

aagaaagcca

acaattcege

ctcteggacy

ctccaggaca

aagcgectcea

ctccattttyg

aagatcatca

aggccgcgga

atgagacgac

tagaccggtyg

gattcgtget

caatattaca

tctagaccac

tcecctgatee

atccaggagg

gtcgcaggac

tcatcctetyg

cgcttgecta

tttgccaagt

cagtcagcac

geggatgggy

caacttgeeg

ggctgctcaa

cctectteag

ccaatataca

aatgaaggcg

aggcgccaga

aatgtattta

ccagtectge

tcggtgecag

gegecaacct

cgcagaattg

gectteccag

accgttcaat

gaacctgegg accgcgaage

ggccaagegg aaccceggact

cgcaaacgag aacgacggge

ggcttecate cacacaacaa

tccegagtac tttgageegt

ctggaaaaag accactctca

acgcatcaac ccgcccagte

taacgcttte tccagtggea

gcacccetect geccaaagga

acggcgtgga acccggtgec

accccgagga agccaacaag

gccacggcaa gtactcatgt

tggcgcacct gttgaccgac

atctgacgge cgatgagaac

gggtggtggc tccgccgcag

gagagggatg cctcgectgt

caccagataa tgcgcatgta

catagaatta agcctaccag

tgtaatcacg gattccttee

getggteggt ctgggggggy

cagcacgggg ctggcggcegyg

gggetetget ccgtgcagta

gcagtgttac atcgtcccct

cgegggcagt gaagtgttta

caacacccaa gacgcgatte

tatctgcgca ccttgagaga

ctgaacccta ggcacccaat

tgtcattege ttttgacgec

ggcegttgat tctegtgage

ccagetttet atcgectete

acatgtacce gtggagttcg

cggaatcggyg ggatatgage

aattgtgagt aaaatgtgtc

gagatcacca accgacgttt

cgcegettega aagtacgatg

aaatcaggca agccgtgegt

atcaacagta tcctggagat

caggacagcg ctggggacgg

ttgtcgcace acatccaacc

ggtgagtetyg cgtagatcca

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100
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gtctggaatce

ggaaattccyg

accgacctygg

cccaccttte

aaccctattce

acgcagcgga

gaacagtata

attgagcetg

aatatggecct

atgtttecte

gaagctegge

caagagcgeg

acatcatgag

cggeecttet

aattcgegat

agatccaggt

gtgatggttg

geggattgte

gtagcccact

ccaccaccac

gataatattt

atgtacctga

gccaaactac

ttcaatcgeg

accaccgtgt

aggctgcage

cgagacgete

tccagetcac

cttgccttet

cggtcaatgt

cacgacgagg

atggacgacg

ctagacgege

gataattgcg

gegttetgag

tgggcgagtc

tactgtccta

ctttctagat

catcgeegtt

gtggcgagtt

ggacggaaga

atgctegtac

cggtegtegt

tttttetage

aactgcgaaa

ctcteggatt

tcgagccggg

tgatcatgag

ggcgggagat

gegtgtgget

gcagcgttaa

atggaccegt

atcggacagg

gecatttgtee

aacccategt

ggatggtaac

tagagtccct

gcacagcgac

cgattgtgge

ttegggtgtt

ttcggataat

cagcgcagga

tgatccagat

tcaccaagat

aggccgcggce

acgccatgaa

gaggtccgge

cgcacgaacc

cttgtgctac

aggttceget

tgggcatgga

catttttgee

cagatagaaa

ctttgtgtgt

atatatggcc

tgctctagte

gcetettecaa

cgtggagtta

actttcatecg

tctgaacteg

cacagagaca

ctttgcgaca

tattctecgac

gctgattgtt

getecaggee

ggagcagatg

gctaggggag

gaaaaagggt

tgggtgtcat

cctagtcetat

ctgatggacyg

cttetgtgte

gcagaagagyg

getttcaaac

tccteectge

cgagtttteg

gagtgatgat

aatcgageceg

cacctcactyg

ctacacattc

cgecegtgttyg

gaccgcagga

geggtegtgg

gtggctcacy

catggccgaa

atcctgggtt

ccecectegge

aaaatcatgt

tgaaggccaa

ttggagccag

aaaccctect

cacatgatca

ctttgattag

gcatccatge

tctatectga

getetectag

getggtgact

ctaacatgge

agcatccgat

atcttcagte

ggcaccacgg

gtggcctegt

caagcgtacyg

ctgattgtat

gatatctacce

agtttgaatg

cctggaageyg

tatatttget

gcagtaccte

aatgtctgga

agcatatcecg

cttecagetee

gacagctcag

ttgtccttga

tattatttct

gttecegaag

catgcgatta

gatatgtcga

atcatcctygg

caagtcgacyg

tggggCCCgt

tttgaaagcyg

ggatgggage

gttgtctegy

cegtegetygyg

actgagtttt

tctectcagy

cgtctggggg

tataccaaca

tctggettty

tcecettggga

atcgagcagt

atcttcaatc

accatcttga

gaagtttgtyg

gggaatttte

caccttecegt ctgectagga

catggctgaa tgacaacatc

attatttgac caacatggtg

cggecgacgt ccgacggaac

cgggattetyg tgcegettgag

tgcattgcat gctgcgaacc

ccgecacatyg gtatcgeacy

agatcagcca cacagcagcc

ccaaatcttyg ggggggtece

cctttecagge ggactegetyg

cgaagtgaga aagacatacc

catgtcccte cgegecccaa

ggtattggaa aattccccegg

getgcageat atcactgaag

cgcgaaatce cgagcgatte

cgaatggegt aggactgttg

tcgectgece agccactgat

catgcctgta cataaacgaa

ataacgccca gegcettgacy

ccgagtttat ggatacgata

ccattegage cctaccegeg

tcaaactata ctttgcggca

gactgcaggt ctctaggege

tgtggcectge tacgaaacta

gaggggataa caattgccag

ttaagccecce gtcccaggge

atgatggatc aattgtcget

cgtecacgga cgtggatact

cgatagccce tccaccttte

cgggagcetge tgagtttatg

acctcccgaa tatagaccag

tgggctttga cttgtacaat

atccagacgce agcaatgaag

ggttttectgg tttgcaacta

tcatggatat tattcacaca

aatgatcaac cgctgaagat

gaaatatctt catgttttca

gegeteatac tgetgettte

agtagtcggt ataagtcgga

23160

23220

23280

23340

23400

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900

24960

25020

25080

25140

25200

25260

25320

25380

25440
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88

ggagtcccaa tcegttcagge
tattagaagc tgtgcagagt
atttccataa tgtagctagg
tgttgcattt cctccacgat
tattttcceg tttceccatcet
ttttgcattt aagaacatct
ccacttgcaa ccaagatttt
cggecgetga gcacactaca
aggcagaaat tagctecggtt
gcagtgctcee tttccatcetyg
aaaggtgctyg atcctaattg
ctatgtgcat ttcggctaag
cgaggactgt gaaagaggca
tttttgccag tagtctgaac
gecttacttt cgttgetggyg
acgtgtcagt gctecttgte
tgcatattat atacattgcc
cgatggtaat aaggcgtect
ccacaccata gtacccatag
catcaggagyg acagaaggat
tgccagacac cttgctgaga
ccccaagcac cttaccgteg
<210> SEQ ID NO 58

<211> LENGTH: 2872
<212> TYPE: DNA

cgtggggagt
cgtataacct
tatagaaaca
tctgatggaa
tgagttttta
ccagccaagt
tcaacagact
tgagcagaat
aaagaggtgc
gcattacgac
cagctgacac
geegttteat
acgtatggga
ggacagttge
agagatgcca
ctagtacaga
cccegeaatt
gtgacctget
tcctgaataa
cggaacttygg
atctgegeca

tacttctctyg

tttgcgatty

atatccatat

ccattgttac

aagatccaac

acagcatcaa

taagatcaga

acgaaaagaa

tccaactgge

cgatgcettag

gttgactcga

cttecgacatt

gtagagccat

ctacggacag

accgggactyg

tataacgect

aacagtctca

acgcaaagtyg

ggatcgacca

acagaaacat

actccggeat

cctetacaag

getgetegag

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 58

atgaatcgaa ctgtggggga

aaccttctgyg aagagattceg

tattccggca atcacaggec

aagttgcacc gggtgegeat

cgcaagetgyg gtaacggtte

ttttacatct taggagtcta

ggagtgctgg cgtctggete

tcagtgtege cgtegeccat

atcctaccca tccataccge

tatgcggaaa tctcattget

atgacgacga agatgctgga

atcccageceyg atcatccgat

cgtettetgyg cggatgtata

cgcaaattgyg agatggaata

cgactgggat

tgaagaactc

tctgatggec

aagatcgeca

tattttgaat

tcttgacgac

tatcccecce

tgaccagatg

tctecgacag

gettgagecy

tcgatcagea

cagcatcgac

ctgectggac

tttcgacggy

tatacgattg

aggaggagag

gaatctcegyg

acagtgctca

daggaggaca

atgcgtgaaa

agcgagectyg

aagtgcetteg

ctggacgece

ggtgagctaa

gtccagactyg

gacageggcet

catgatggtyg

gagaaagaca

gttttegata ttccatccta

atatatcttyg ggcctatagg

tagaagtcag aggggacctce

aagcttgttyg atagaacaat

attttagcett tcacaccact

gcaaaataga ggatgctagg

ggcetttact gatggectac

gatggcagaa gcatctgact

agcgagagca agtgtatatg

gtggtttget ctctegtete

gcaagataat acatctcata

gtatgggatg catcaacaac

gtattctaag acagggagga

ggatcggtgt tctaaacagt

ctctegtece cataccaatt

aaataaacag atttggctag

aagagttttyg gcaaactcct

ctcaaccacce ttttetgttt

attcacaatyg ctgtccgcac

caccacatac ttaactgtcc

cgaatgaatg caagacgagg

aatggcacca acaaa

aagtctgcat cggccggece

aagcaatcga gaagaagaca

aaaaaattgg tgaaaaccgce

gtcatctega acgtctaacce

acttggtgtt tatgtacccc

tcctagetga catggagaga

agcccaaagg cctgtceteca

ttcagttegt ggaaagttcg

aaaccagtag aagattgtct

tctacgtege ccectegete

ttttcegatyg tttgacccga

ggctgtecte cgacatagga

aagaatacac cgtctgttygg

ttaccgettt geecttetat

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400

26460

26520

26580

26640

26700

26755

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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cccttgaaat ttcatccaaa ttacgagega ttectatcaa accgtgcteyg gcagggaaca 900
gecattcecgayg cgctegtgga ggacgaaaac ttgcaccact actacgcagg ttggacgetce 960
attactggtc tctttgaacg gaccgagtca gacggaaagt ccacggagtce caagccggag 1020
gattcagagt atgtcgatag cgaggtcttt ctggacaccc aggaagcacg acgacatatg 1080
gacgactggt cctctectceccg tgagecttte acaacgaagg gaagcecttgce catcaacgac 1140
ggcgcgaagt tcectgtctatg gcatatgact gaaaagaaga ctgtggcaga gaagctgaac 1200
aggatactca cgcgcgaaga ccttgtctac tggcgagcaa gggagcgata tcectectcecgac 1260
aacaaatggg tgatcgacga ccgggtcecttt ataaaagagg aatggacgga cgaagatcta 1320
gcgetgcette ccaaaagagt ctacggatac tcgttacggg acaggaagtt cttgcggcetg 1380
gatgttgaca aattccgacc acacacgctc aagaccaaag ccaatctgga caagatcgag 1440
atcaaagata gccaccgcat gataattaga gctgcggtca agtcccattt tgacagagceg 1500
gcacaggtcee tgaaccgaga cgaggccact catgtceccceg acatcttecga gggcaaaggce 1560
cgeggteteg tcatccttet tecatggegcee ccecggcegteg gcaagactgce cacagcggaa 1620
gcagtggcege tagaattcga caaaccctta ttccagatta cttgcggecga tctgggcacy 1680
gggcecgegyg aggtggaaac gtcactgaag gcgattttec gctacgcgaa catgtggage 1740
tgcatcttge tcctagatga agcagatgtt ttcecctgactc agagaaaccg gacagatgta 1800
gagcggaatg cgttggtctce aggtacgtat ccattttgtce aggcagtgct ggtggaccag 1860
ttgtgctgca gatgcagata tgtaaatatg aaggcatcct cacactcaca ccgcaatagt 1920
gtttctcagyg gtecctagagt actacagcgg ggtcctctte ttgaccacca accgagttgg 1980
cgcactagac gaagccttcecce ggtcgegtgt gcacctcage ctgttctatce cgcatctgaa 2040
ccgecactgat atggcegaaga tcctagagag caacctacag cgactaccge gggacgacaa 2100
attgagccct ggagccactg caggcccaaa ccatgtcact gtgatggaca gtgagatccg 2160
ggagtttgtc ctgcagcagt tcgacgagca ctataagttg cacgagagag gaccctggaa 2220
tggacggcag atccgcaatg ctgttcatat tgccatgtge ctggccttet ttgagaacgg 2280
caggaagggce cgcagggctc cggccattcet aaccgcggag cattttcegea aagtccacga 2340
aactattgcc gaattcgagg actatttgag agccgctcega accgtggatg atgagaccct 2400
ggctcagatg gaaggattgc gatatgataa agaagggcag gcgtacaaaa ggcaacttgt 2460
cggctctact aaatttcaca gatggtcaga aaatgagcgt caagtgactc atcaacgcca 2520
atccgtecge gagcaaggac agtcatatcg ggaaacgacc tcttatacac cgtctaggceg 2580
ctcattecctg ggtggggata tcgactctcee accagaatcce aggtttageg gatcgggggce 2640
cgcagegaga ccaaccagcc agcggtaccce gecgcgagaa atagacgact cccacctgge 2700
gcacgagaga tataacatgt ctgactctgg ttacggagag acaggtctgc gtgggactcce 2760
gaggaactac aatttgtctc cagacagacc acgaactcca aatcgtgact acttggtaga 2820
cggctegect gaatcagtte gectcaaggte ttcggtecga gggagagatt ga 2872

<210> SEQ ID NO 59
<211> LENGTH: 924

<212> TYPE:

PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 59

Met Asn Arg Thr Val Gly Asp Asp Trp Asp Tyr Thr Ile Glu Val Cys

1

5

10

15



91

US 9,238,826 B2

-continued

92

Ile

Arg

Met

Val

65

Arg

Phe

Glu

Pro

Ser

145

Ile

Arg

Leu

Ser

His

225

Arg

Thr

Asp

Glu

Leu

305

Ile

Ser

Thr

Pro

Cys
385

Arg

Tyr

Gly

Glu

Ala

50

Arg

Lys

Met

Ile

Pro

130

Pro

Leu

Arg

Ile

Ala

210

Pro

Leu

Val

Ile

Arg

290

Val

Thr

Lys

Gln

Phe
370
Leu

Ile

Leu

Arg

Ala

35

Glu

Ile

Leu

Tyr

Leu

115

Ser

Ile

Pro

Leu

Tyr

195

Val

Ile

Leu

Cys

Thr

275

Phe

Glu

Gly

Pro

Glu

355

Thr

Trp

Leu

Leu

Pro

20

Ile

Ser

Arg

Gly

Pro

100

Ala

Glu

Asp

Ile

Ser

180

Val

Gln

Ser

Ala

Trp

260

Ala

Leu

Asp

Leu

Glu

340

Ala

Thr

His

Thr

Asp
420

Asn

Glu

Pro

Ser

Asn

85

Phe

Asp

Pro

Gln

His

165

Tyr

Ala

Thr

Ile

Asp

245

Arg

Leu

Ser

Glu

Phe

325

Asp

Arg

Lys

Met

Arg
405

Asn

Leu

Lys

Glu

Pro

70

Gly

Tyr

Met

Glu

Met

150

Thr

Ala

Pro

Val

Asp

230

Val

Lys

Pro

Asn

Asn

310

Glu

Ser

Arg

Gly

Thr
390

Glu

Lys

Leu

Lys

Lys

55

Thr

Ser

Ile

Glu

Pro

135

Lys

Ala

Glu

Ser

Phe

215

Asp

Tyr

Leu

Phe

Arg

295

Leu

Arg

Glu

His

Ser

375

Glu

Asp

Trp

Glu

Thr

40

Ile

Val

Ile

Leu

Arg

120

Lys

Cys

Leu

Ile

Leu

200

Arg

Ser

Cys

Glu

Tyr

280

Ala

His

Thr

Tyr

Met

360

Leu

Lys

Leu

Val

Glu

25

Tyr

Gly

Leu

Leu

Gly

105

Gly

Gly

Phe

Arg

Ser

185

Met

Cys

Gly

Leu

Met

265

Pro

Arg

His

Glu

Val

345

Asp

Ala

Lys

Val

Ile
425

Ile

Ser

Glu

Ser

Asn

90

Val

Val

Leu

Val

Gln

170

Leu

Thr

Leu

Trp

Asp

250

Glu

Leu

Gln

Tyr

Ser

330

Asp

Asp

Ile

Thr

Tyr
410

Asp

Arg

Gly

Asn

His

75

Glu

Tyr

Leu

Ser

Gln

155

Leu

Leu

Thr

Thr

Leu

235

His

Tyr

Lys

Gly

Tyr

315

Asp

Ser

Trp

Asn

Val
395

Trp

Asp

Glu

Asn

Arg

60

Leu

Glu

Leu

Ala

Pro

140

Phe

Asp

Leu

Lys

Arg

220

Ser

Asp

Phe

Phe

Thr

300

Ala

Gly

Glu

Ser

Asp

380

Ala

Arg

Arg

Glu

His

45

Lys

Glu

Asp

Asp

Ser

125

Ser

Val

Ala

Glu

Met

205

Ile

Ser

Gly

Asp

His

285

Ala

Gly

Lys

Val

Ser

365

Gly

Glu

Ala

Val

Leu

30

Arg

Leu

Arg

Asn

Asp

110

Gly

Val

Glu

Gln

Pro

190

Leu

Pro

Asp

Glu

Gly

270

Pro

Phe

Trp

Ser

Phe

350

Leu

Ala

Lys

Arg

Phe
430

Arg

Pro

His

Leu

Leu

95

Met

Ser

Ser

Ser

Thr

175

Gly

Asp

Ala

Ile

Glu

255

Glu

Asn

Arg

Thr

Thr

335

Leu

Arg

Lys

Leu

Glu
415

Ile

Arg

Leu

Arg

Thr

80

Val

Arg

Ile

Pro

Ser

160

Ser

Glu

Arg

Asp

Gly

240

Tyr

Lys

Tyr

Ala

Leu

320

Glu

Asp

Glu

Phe

Asn
400

Arg

Lys
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94

Glu

Gly

Phe

465

Ile

Phe

Pro

Gly

Glu

545

Gly

Asn

Thr

Phe

Asn

625

Ser

Glu

Ala

Glu

Gly

705

Cys

Ile

Phe

Ala

Arg

785

Arg

Tyr

Gly

Ala

Glu

Tyr

450

Arg

Lys

Asp

Asp

Ala

530

Phe

Pro

Met

Gln

Leu

610

Arg

Leu

Ser

Thr

Phe

690

Pro

Leu

Leu

Glu

Gln

770

Gln

Gln

Arg

Asp

Ala

Trp

435

Ser

Pro

Asp

Arg

Ile

515

Pro

Asp

Ala

Trp

Arg

595

Arg

Val

Phe

Asn

Ala

675

Val

Trp

Ala

Thr

Asp

755

Met

Leu

Val

Glu

Ile
835

Arg

Thr

Leu

His

Ser

Ala

500

Phe

Gly

Lys

Glu

Ser

580

Asn

Val

Gly

Tyr

Leu

660

Gly

Leu

Asn

Phe

Ala

740

Tyr

Glu

Val

Thr

Thr
820

Asp

Pro

Asp

Arg

Thr

His

485

Ala

Glu

Val

Pro

Val

565

Cys

Arg

Leu

Ala

Pro

645

Gln

Pro

Gln

Gly

Phe

725

Glu

Leu

Gly

Gly

His

805

Thr

Ser

Thr

Glu

Asp

Leu

470

Arg

Gln

Gly

Gly

Leu

550

Glu

Ile

Thr

Glu

Leu

630

His

Arg

Asn

Gln

Arg

710

Glu

His

Arg

Leu

Ser

790

Gln

Ser

Pro

Ser

Asp

Arg

455

Lys

Met

Val

Lys

Lys

535

Phe

Thr

Leu

Asp

Tyr

615

Asp

Leu

Leu

His

Phe

695

Gln

Asn

Phe

Ala

Arg

775

Thr

Arg

Tyr

Pro

Gln

Leu

440

Lys

Thr

Ile

Leu

Gly

520

Thr

Gln

Ser

Leu

Val

600

Tyr

Glu

Asn

Pro

Val

680

Asp

Ile

Gly

Arg

Ala

760

Tyr

Lys

Gln

Thr

Glu
840

Arg

Ala

Phe

Lys

Ile

Asn

505

Arg

Ala

Ile

Leu

Leu

585

Glu

Ser

Ala

Arg

Arg

665

Thr

Glu

Arg

Arg

Lys

745

Arg

Asp

Phe

Ser

Pro
825

Ser

Tyr

Leu

Leu

Ala

Arg

490

Arg

Gly

Thr

Thr

Lys

570

Asp

Arg

Gly

Phe

Thr

650

Asp

Val

His

Asn

Lys

730

Val

Thr

Lys

His

Val
810
Ser

Arg

Pro

Leu

Arg

Asn

475

Ala

Asp

Leu

Ala

Cys

555

Ala

Glu

Asn

Val

Arg

635

Asp

Asp

Met

Tyr

Ala

715

Gly

His

Val

Glu

Arg

795

Arg

Arg

Phe

Pro

Pro

Leu

460

Leu

Ala

Glu

Val

Glu

540

Gly

Ile

Ala

Ala

Leu

620

Ser

Met

Lys

Asp

Lys

700

Val

Arg

Glu

Asp

Gly

780

Trp

Glu

Arg

Ser

Arg

Lys

445

Asp

Asp

Val

Ala

Ile

525

Ala

Asp

Phe

Asp

Leu

605

Phe

Arg

Ala

Leu

Ser

685

Leu

His

Arg

Thr

Asp

765

Gln

Ser

Gln

Ser

Gly
845

Glu

Arg

Val

Lys

Lys

Thr

510

Leu

Val

Leu

Arg

Val

590

Val

Leu

Val

Lys

Ser

670

Glu

His

Ile

Ala

Ile

750

Glu

Ala

Glu

Gly

Phe
830

Ser

Ile

Val

Asp

Ile

Ser

495

His

Leu

Ala

Gly

Tyr

575

Phe

Ser

Thr

His

Ile

655

Pro

Ile

Glu

Ala

Pro

735

Ala

Thr

Tyr

Asn

Gln
815
Leu

Gly

Asp

Tyr

Lys

Glu

480

His

Val

His

Leu

Thr

560

Ala

Leu

Val

Thr

Leu

640

Leu

Gly

Arg

Arg

Met

720

Ala

Glu

Leu

Lys

Glu

800

Ser

Gly

Ala

Asp
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-continued
850 855 860
Ser His Leu Ala His Glu Arg Tyr Asn Met Ser Asp Ser Gly Tyr Gly
865 870 875 880
Glu Thr Gly Leu Arg Gly Thr Pro Arg Asn Tyr Asn Leu Ser Pro Asp
885 890 895
Arg Pro Arg Thr Pro Asn Arg Asp Tyr Leu Val Asp Gly Ser Pro Glu
900 905 910
Ser Val Arg Ser Arg Ser Ser Val Arg Gly Arg Asp
915 920
<210> SEQ ID NO 60
<211> LENGTH: 1368
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 60
atgtcaccce cacttgactc tgccctggag ccactgtecg aatacaagga aacagecttt 60
cccagaactyg aaaaagaccce gtcgcagtac aaagagcacyg accttgtaac gcctgaaaaa 120
gaaatccaga ctgggtactt ttcgeccgegt ggaagccaca gcagccacgg ttctcacgac 180
tccagegect cctecaatat cagcctegac gacgeccgga tgtcagatgt gaacaattceg 240
ccaaatgtat tccatgacga cccagatacg atcgacgaga agttgtcgat gtactggaag 300
geggcegaatyg aaacggtagg gcctggttca ctcatcagece atgagagttg accttatcte 360
ttttactcca caggtgatta gagagccgta tgactacate getgggatce caggcaaaga 420
gatccgecga aagetettgg aggecttcaa ccactggtac aaagttgacg aacagtcgtg 480
ccaggctatt gcaaccactg ttggtatgge acacaatgca tcectgetgt atgttgcate 540
cagtctctgg ctcaatcgeg ttttcacgag ctaataagca ctccacagca tcgacgatat 600
tcaagacagt tccaagctcc gaagaggtgt tcecatgcgea catgaagtgt ttggcatcge 660
ccagaccatt aactccgcca actatgtcta ctttetggeg caaaaccage tgtttagact 720
geggagetygyg ccccaggcaa ttteggtatt caacgaagaa atggtcaatt tgcaccgegyg 780
tcaaggcatg gagctattct ggcgggataa cctgctgect cegtecatgg atgactatct 840
gcagatgatc gctaacaaga caggtggact gtttcggatg atagtgegge tgctccagac 900
aagcagcaga caggtcattg acgtcgagca gttggtggat gttcttggge tttactttca 960
gatcctcgac gactacaaga atatcagaga agagaaggtt cgtcttcecgtc gaaccagatc 1020
gagaactaaa gaagactgac tacttcgcac tagatggccg cccagaaagg gttcecttcecgaa 1080
gacctgacgg agggcaaatt ctecgttcccce atttgceccatg caatcggaga aggggccaag 1140
aacagaactg ctctgctcecca tatgttgagg ctcaaaacgg atgacatgaa gatcaagcaa 1200
gaagcagtct gcatactgga caatgctggce agtttagatt acacgcgaga ggtgctttac 1260
gggctggaca ggaaggctcg cagtctgett cgggagttca agactccgaa ccctttceatg 1320
gaggctcttt tggatgcaat gttgagcagce cttcaggcat gccattga 1368

<210> SEQ ID NO 61
<211> LENGTH: 397

<212> TYPE:
<213> ORGANISM: Aspergillus nidulans

PRT

<400> SEQUENCE: 61

Met Ser Pro Pro Leu Asp Ser Ala Leu Glu Pro Leu Ser Glu Tyr Lys

1

5

10

15
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98

Glu

Pro

Ser

65

Pro

Met

Tyr

Ala

Ala

145

Ile

Val

Leu

Ser

Glu

225

Leu

Arg

Val

Ile

Thr

305

Ala

Asp

Ser

Arg

Leu
385

<210>
<211>
<212>
<213>

<400>

Thr

Asp

Arg

50

Asn

Asn

Tyr

Ile

Phe

130

Thr

Gln

Phe

Ala

Val

210

Leu

Gln

Leu

Asp

Arg

290

Glu

Lys

Met

Leu

Ser
370

Leu

Ala

Leu

35

Gly

Ile

Val

Trp

Ala

115

Asn

Thr

Asp

Gly

Gln

195

Phe

Phe

Met

Leu

Val

275

Glu

Gly

Asn

Lys

Asp

355

Leu

Asp

Phe

20

Val

Ser

Ser

Phe

Lys

100

Gly

His

Val

Ser

Ile

180

Asn

Asn

Trp

Ile

Gln

260

Leu

Glu

Lys

Arg

Ile

340

Tyr

Leu

Ala

SEQUENCE :

Pro

Thr

His

Leu

His

Ala

Ile

Trp

Gly

Ser

165

Ala

Gln

Glu

Arg

Ala

245

Thr

Gly

Lys

Phe

Thr

325

Lys

Thr

Arg

Met

SEQ ID NO 62
LENGTH:
TYPE: DNA
ORGANISM: Aspergillus

1310

62

Arg

Pro

Ser

Asp

70

Asp

Ala

Pro

Tyr

Met

150

Lys

Gln

Leu

Glu

Asp

230

Asn

Ser

Leu

Met

Ser

310

Ala

Gln

Arg

Glu

Leu
390

Thr

Glu

Ser

55

Asp

Asp

Asn

Gly

Lys

135

Ala

Leu

Thr

Phe

Met

215

Asn

Lys

Ser

Tyr

Ala

295

Phe

Leu

Glu

Glu

Phe
375

Ser

Glu Lys
25

Lys Glu
40

His Gly

Ala Arg

Pro Asp

Glu Thr
105

Lys Glu
120

Val Asp

His Asn

Arg Arg

Ile Asn
185

Arg Leu
200

Val Asn

Leu Leu

Thr Gly

Arg Gln

265

Phe Gln
280

Ala Gln

Pro Ile

Leu His

Ala Val

345

Val Leu
360
Lys Thr

Ser Leu

nidulans

Asp

Ile

Ser

Met

Thr

90

Val

Ile

Glu

Ala

Gly

170

Ser

Arg

Leu

Pro

Gly

250

Val

Ile

Lys

Cys

Met

330

Cys

Tyr

Pro

Gln

Pro

Gln

His

Ser

75

Ile

Ile

Arg

Gln

Ser

155

Val

Ala

Ser

His

Pro

235

Leu

Ile

Leu

Gly

His

315

Leu

Ile

Gly

Asn

Ala
395

Ser

Thr

Asp

60

Asp

Asp

Arg

Arg

Ser

140

Leu

Pro

Asn

Trp

Arg

220

Ser

Phe

Asp

Asp

Phe

300

Ala

Arg

Leu

Leu

Pro
380

Cys

Gln Tyr Lys

Gly

45

Ser

Val

Glu

Glu

Lys

125

Cys

Leu

Cys

Tyr

Pro

205

Gly

Met

Arg

Val

Asp

285

Phe

Ile

Leu

Asp

Asp

365

Phe

His

30

Tyr

Ser

Asn

Lys

Pro

110

Leu

Gln

Ile

Ala

Val

190

Gln

Gln

Asp

Met

Glu

270

Tyr

Glu

Gly

Lys

Asn

350

Arg

Met

Phe

Ala

Asn

Leu

95

Tyr

Leu

Ala

Asp

His

175

Tyr

Ala

Gly

Asp

Ile

255

Gln

Lys

Asp

Glu

Thr

335

Ala

Lys

Glu

Glu

Ser

Ser

Ser

80

Ser

Asp

Glu

Ile

Asp

160

Glu

Phe

Ile

Met

Tyr

240

Val

Leu

Asn

Leu

Gly

320

Asp

Gly

Ala

Ala
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atgcctgaga gtcagatcat cgaactggge acgctgggec agatccccct ttacagectt 60
gaacgcgege tccaggacce tctteggget gtcaaactge gacggcaaat cgtcteccag 120
catcaagcca ctggcaacat cgacttcaca acggacggct ccgegctccce gtacgaagga 180
tacgactaca aagcagtcct cggagcctge tgcgagaacg tgatcgggta tatgcccatce 240
cctgtgggeg tcgceggtce gatcaaaatc aacggaaaga tggtgtttcet ccccatgtcece 300
acgacagagg gcgcgctggt tgcgagcacg aatcgtgget gcatggegat caacgccggt 360
ggaggcgtga ctgctctggt gectgggegat ggcatgacce gagcegectat cgttcegattt 420
cccagtcteg aagaagccgg cgccgcaaaa caatggetgg getctgatge aggatttcete 480
atcattgagg acgcgttcaa tgcatccage cgcttecgcte ggcttcaaaa cattaaggcc 540
acggccgttg gctcggacct ctatatccgg ttcacggcca gcacgggcga cgcaatgggce 600
atgaacatga tctccaaagg ggttgagcaa gcgctggagg cgatgcaaaa gcacgggttce 660
gagtctatgg atgtcgtctce getgtcecgggg aacttctgtg cggataaaaa acctgegget 720
gtgaactgga ttgaggggcg aggcaagacc gtgaccgcgce aggcgacaat acctgaacat 780
gcggttegag aaacactcaa gaccagtgtc gaggcccteg tggagctcaa cgtctccaag 840
aacctggtgg gcagtgctgt tgcaggggct ctgggagggt tcaacgccca tgccgccaat 900
gttgtcacgg cgatttatct tgccactggt caggatcccg cacagaatgt gcaaagcagc 960

aacactctga ccgtgatgaa aaagtgagta cactgcctct aaagatattc tgatagatgt 1020
tgcggegeta actcccgage agtgtgaatg gtgatttgca aatctcectgtt ttcatgectt 1080
ccattgaagt cggcaccgtt gggggaggga cagtcctggg ccctcaaaag gcaatgctgce 1140
acatgatggg cgtccaaggg gccgaccceceg aacagccagg tagaaacgca caggagcetgg 1200
ccetgetggt ggcggctgge gtgctggcetg gagagctcag tetttgcectet getcectgtecag 1260
cgggctegtt ggtgaaaagc cacttgaccce ataatcggaa gaaaggatga 1310
<210> SEQ ID NO 63

<211> LENGTH: 416

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 63

Met Pro Glu Ser Gln Ile Ile Glu Leu Gly Thr Leu Gly Gln Ile Pro
1 5 10 15

Leu Tyr Ser Leu Glu Arg Ala Leu Gln Asp Pro Leu Arg Ala Val Lys
20 25 30

Leu Arg Arg Gln Ile Val Ser Gln His Gln Ala Thr Gly Asn Ile Asp

Phe Thr Thr Asp Gly Ser Ala Leu Pro Tyr Glu Gly Tyr Asp Tyr Lys
50 55 60

Ala Val Leu Gly Ala Cys Cys Glu Asn Val Ile Gly Tyr Met Pro Ile
65 70 75 80

Pro Val Gly Val Ala Gly Pro Ile Lys Ile Asn Gly Lys Met Val Phe
85 90 95

Leu Pro Met Ser Thr Thr Glu Gly Ala Leu Val Ala Ser Thr Asn Arg
100 105 110

Gly Cys Met Ala Ile Asn Ala Gly Gly Gly Val Thr Ala Leu Val Leu
115 120 125

Gly Asp Gly Met Thr Arg Ala Pro Ile Val Arg Phe Pro Ser Leu Glu
130 135 140
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Glu

145

Ile

Asn

Ala

Glu

Val

225

Val

Ile

Leu

Gly

Ile

305

Val

Leu

Asp

Ala

385

Ala

Ala

Ile

Ile

Ser

Gln

210

Val

Asn

Pro

Val

Ala

290

Tyr

Thr

Phe

Gly

Pro

370

Ala

Gly

Gly

Glu

Lys

Thr

195

Ala

Ser

Trp

Glu

Glu

275

Leu

Leu

Leu

Met

Pro

355

Glu

Gly

Ser

Ala Ala Lys Gln Trp
150

Asp Ala Phe Asn Ala

165

Ala Thr Ala Val Gly

180

Gly Asp Ala Met Gly

200

Leu Glu Ala Met Gln

215

Leu Ser Gly Asn Phe
230

Ile Glu Gly Arg Gly

245

His Ala Val Arg Glu

260

Leu Asn Val Ser Lys

280

Gly Gly Phe Asn Ala

295

Ala Thr Gly Gln Asp
310

Thr Val Met Lys Asn

325

Pro Ser Ile Glu Val

340

Gln Lys Ala Met Leu

360

Gln Pro Gly Arg Asn

375

Val Leu Ala Gly Glu
390

Leu Val Lys Ser His

405

<210> SEQ ID NO 64
<211> LENGTH: 3056
<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidu

<400> SEQUENCE: 64

tcatgtagag ttactccatt

acatccgact

aaacatctge

caagacctece

cttetgecga

gttgagattc

catcacggeyg

gcacgceggceyg

gtaggggcag

ggngtCth

cgcaatatct

accttcteca

aagcceeget

accgcatetyg

ttctegtege

agatggcggc

ttgtgggacg

gaggtgtggt

aagtcgtege

gtgcaggtaa

ctaaagcgta

gcatccteat

tcatgttgga

attttggece

ggtCanggC

acattgctte

cctgetegaa

cggacgaggt

gggtggactc

Leu Gly Ser
155

Ser Ser Arg
170

Ser Asp Leu
185

Met Asn Met

Lys His Gly

Cys Ala Asp

235

Lys Thr Val
250

Thr Leu Lys
265

Asn Leu Val

His Ala Ala

Pro Ala Gln
315

Val Asn Gly
330

Gly Thr Val
345

His Met Met

Ala Gln Glu

Leu Ser Leu
395

Leu Thr His
410

lans

ttcaagcata
aatctgeeeg
cttggeccta
ccgetcaaac
ggcctgggea
aagcgatceg
agccacatac
ccccagcagyg

ggaagacacc

cagttgggcg

Asp

Phe

Tyr

Ile

Phe

220

Lys

Thr

Thr

Gly

Asn

300

Asn

Asp

Gly

Gly

Leu

380

Cys

Asn

Ala

Ala

Ile

Ser

205

Glu

Lys

Ala

Ser

Ser

285

Val

Val

Leu

Gly

Val

365

Ala

Ser

Arg

Gly

Arg

Arg

190

Lys

Ser

Pro

Gln

Val

270

Ala

Val

Gln

Gln

Gly

350

Gln

Leu

Ala

Lys

aaacaatcat

tacacatcag

tcctgegecey

tcagcgagag

aactcgggaa

taatcgttgt

ttetettege

cactggtaga

cagcggtaga

gcgaagegge

Phe Leu
160

Leu Gln
175

Phe Thr

Gly Val

Met Asp

Ala Ala
240

Ala Thr
255

Glu Ala

Val Ala

Thr Ala

Ser Ser
320

Ile Ser
335

Thr Val

Gly Ala

Leu Val

Leu Ser
400

Lys Gly
415

gtgcgagatce
tcacgtcgea
ccatctetgt
agaacagctyg
agttgacgca
acatgcggca
aggtctgaaa
aggcaaacga
agctggageg

cgttgtegte

60

120

180

240

300

360

420

480

540

600
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ggcctgetet atgtgcgaca gcaggaagac ctgaageteg ttettgacge getegtacte 660

gaggggcgeg geggecttea cgctgggatyg gtecatgacyg tggtggacga aggegctaag 720

gacgcggete acgtegettg ggagttgtga ccccatcttg atgegtttgg cttgeggtag 780
gatcctgtga ccgtttgegt ctgegtttet tggaccagac tgggectgga ttgegtecatt 840
cagcteeggt ttgtecttga ggtegeggaa gatctegteg atgecaggace gggtcatgga 900
tctetggetyg ctgttecagte tgccgactac cgettccata aattcategg cttggtagtt 960

gaggaacgaa atcaccatca tctcgacaag ggttttcgtg gagaggaagg tgttcctgeg 1020
gttattgcac agggtccagg tgaacggaat gtactcaaaa tacttgtctt cttceccatgece 1080
cgtgegagag aagacggcaa gacgtceggte gegecagetgt ggcaggagca ggtatcctte 1140
gacgatggca gcgecggacct tccagagttc catgctcgaa aacaggggaa gcatggagtg 1200
gaagcgtgceg aactcgatga cacgcttett gectgacgatg aacagattcg ccagacaggce 1260
tggataagaa cgttcgaagg acaccttcag cgcggcgagg acatagctct tactgaggag 1320
aattgagctg tatgtcacct tcectctaccca cagatactcce getttgtcecge ctgegetgtt 1380
ttgcaggaac ttgcggcctce gagacacagc cagctgcaca ttcgtccaca gcectgattcac 1440
cacgggcaac tggcatgcgt gagcgatggt cagaatagca tatgccgtet cttegtggga 1500
gtgcgatcece caggatccgt tctegttetg agtctgtagt gtgcgaacca atgcctgata 1560
caggcagacc gatactcgat ctctgataaa ctgactggaa atcgacttga gtccgccatce 1620
tgaccatacc tgcagcagct tcccaaacgce ctcagccatg agcatggatg gatagtacgg 1680
ggagaggttc tgagagagtc agcgctctge tatttccatt tetgttgega aaagaagtga 1740
tacccattta tccccaatcect cactgtegge cgtccaccag acatcacaca gaaaggccgce 1800
tgcttttteg atctggggceyg acacagtggce cgcatcgggce gtattcaaca gcegcaagcaa 1860
tacattgctg tttgcagtga agctgggatc tctectcecgecg tgataggtge ggaagtgcat 1920
cgggccecteg aatgcatcta ttagtcecctg ggccgagact ggtttgtcca acaaggagac 1980
cgcaataagc gatttggcgg tatcgtegge gtetgecctgg atcgacggag ctatacaaca 2040
gaatggttag ctacgtgagg gagagtgata gagccatgtt gtgggatcgt accaaatcct 2100
acaatacctc ctcctttgac caacgcatcg cgaagcatct cgccgagget gteggtgtcet 2160
tcgataccga gatcgcctgt agaatatcca ttgtccaaga gcgtggtaag ggcctgaagt 2220
tcagtcagct ttgattctag tcgagcaagce tgtcccctta cccacgagac ctcgaaatac 2280
tttgaaggat acgcgctcgg cattcctcca gtgcccecte cggcgceccatt ctgtagcacce 2340
aaccgcaagt actgttcgca ctecgtegtec caggaggagyg aaaacatgag aaaggcggcece 2400
gtggacgatg gcgagaacat gaaagagcca ttgaccttet ggtgcgccac tttatcaaag 2460
tcgatcatge ccacaaacgc ctcaagcgag tgcagcgcegg tggttectgge ggagtacagg 2520
tactcecggece tgaacttgga gagcttgatg cgattcagece ggtcgagcte ggcgcegeccg 2580
tcaaattcaa actcgtgccce tttcectegege aggagccgca gaagcgcggg caaaatgatt 2640
tcaaagccaa cgtgaacagt gtcttttaca ctccacgett gcagttgteg tgagagggcce 2700
gcgegtgecee gteccgattceg ctecttcatt tecttecacgg gagggteggt gctggcaatce 2760
cggctttetg catgggtete gagggccagt aaggaggctg cggtgttgag gataccgtcg 2820
acgtcggagg cgtaggtctce ccaactgcca tcctctaget gggtccgcag gatgtattceg 2880

aagcattttg gcaggagcca ttgacgccct tctggtgteg tecttetggac catggacacce 2940
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caggccegtgt cgtagactgce cgcggacata aagcccagcet ctccatcttt tgtccggagce 3000
tgttggacca gctgggaggce ttgcgtgcat agatctgtca cgtctgcgca agtcat 3056
<210> SEQ ID NO 65

<211> LENGTH: 979

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 65

Met Thr Cys Ala Asp Val Thr Asp Leu Cys Thr Gln Ala Ser Gln Leu
1 5 10 15

Val Gln Gln Leu Arg Thr Lys Asp Gly Glu Leu Gly Phe Met Ser Ala
20 25 30

Ala Val Tyr Asp Thr Ala Trp Val Ser Met Val Gln Lys Thr Thr Pro
35 40 45

Glu Gly Arg Gln Trp Leu Leu Pro Lys Cys Phe Glu Tyr Ile Leu Arg
50 55 60

Thr Gln Leu Glu Asp Gly Ser Trp Glu Thr Tyr Ala Ser Asp Val Asp
65 70 75 80

Gly Ile Leu Asn Thr Ala Ala Ser Leu Leu Ala Leu Glu Thr His Ala
85 90 95

Glu Ser Arg Ile Ala Ser Thr Asp Pro Pro Val Glu Glu Met Lys Glu
100 105 110

Arg Ile Gly Arg Ala Arg Ala Ala Leu Ser Arg Gln Leu Gln Ala Trp
115 120 125

Ser Val Lys Asp Thr Val His Val Gly Phe Glu Ile Ile Leu Pro Ala
130 135 140

Leu Leu Arg Leu Leu Arg Glu Lys Gly His Glu Phe Glu Phe Asp Gly
145 150 155 160

Arg Ala Glu Leu Asp Arg Leu Asn Arg Ile Lys Leu Ser Lys Phe Arg
165 170 175

Pro Glu Tyr Leu Tyr Ser Ala Arg Thr Thr Ala Leu His Ser Leu Glu
180 185 190

Ala Phe Val Gly Met Ile Asp Phe Asp Lys Val Ala His Gln Lys Val
195 200 205

Asn Gly Ser Phe Met Phe Ser Pro Ser Ser Thr Ala Ala Phe Leu Met
210 215 220

Phe Ser Ser Ser Trp Asp Asp Glu Cys Glu Gln Tyr Leu Arg Leu Val
225 230 235 240

Leu Gln Asn Gly Ala Gly Gly Gly Thr Gly Gly Met Pro Ser Ala Tyr
245 250 255

Pro Ser Lys Tyr Phe Glu Val Ser Trp Val Arg Gly Gln Leu Ala Arg
260 265 270

Leu Glu Ser Lys Leu Thr Glu Leu Gln Ala Leu Thr Thr Leu Leu Asp
275 280 285

Asn Gly Tyr Ser Thr Gly Asp Leu Gly Ile Glu Asp Thr Asp Ser Leu
290 295 300

Gly Glu Met Leu Arg Asp Ala Leu Val Lys Gly Gly Gly Ile Val Gly
305 310 315 320

Phe Ala Pro Ser Ile Gln Ala Asp Ala Asp Asp Thr Ala Lys Ser Leu
325 330 335

Ile Ala Val Ser Leu Leu Asp Lys Pro Val Ser Ala Gln Gly Leu Ile
340 345 350

Asp Ala Phe Glu Gly Pro Met His Phe Arg Thr Tyr His Gly Glu Arg
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Asp

Thr

385

Phe

Trp

Gly

Ser

Val

465

Ser

Gln

Ser

Tyr

Ser

545

Ala

Phe

Trp

Leu

Asp

625

Arg

Ile

Gly

Glu

Gln

705

Leu

Val

Ser

Leu

Pro

370

Pro

Leu

Asn

Lys

Gln

450

Arg

His

Leu

Arg

Leu

530

Tyr

Cys

Ala

Lys

Arg

610

Lys

Arg

Ser

Arg

Ile

690

Ala

Pro

Ser

Val

Gln
770

355

Ser

Asp

Cys

Leu

Leu

435

Phe

Thr

Glu

Pro

Gly

515

Trp

Val

Leu

Arg

Val

595

Asp

Tyr

Asn

Phe

Leu

675

Phe

Gln

Gln

Arg

Lys

755

Val

Phe

Ala

Asp

Ser

420

Leu

Ile

Leu

Glu

Val

500

Arg

Val

Leu

Ala

Phe

580

Arg

Arg

Phe

Thr

Leu

660

Asn

Arg

Ser

Ala

Val
740

Ala

Phe

Thr

Ala

Val

405

Pro

Gln

Arg

Gln

Thr

485

Val

Lys

Glu

Ala

Asn

565

His

Ala

Arg

Glu

Phe

645

Asn

Ser

Asp

Gly

Lys

725

Leu

Ala

Leu

Ala

Thr

390

Trp

Tyr

Val

Asp

Thr

470

Ala

Asn

Phe

Lys

Ala

550

Leu

Ser

Ala

Leu

Tyr

630

Leu

Tyr

Ser

Leu

Pro

710

Arg

Ser

Ala

Leu

Asn

375

Val

Trp

Tyr

Trp

Arg

455

Gln

Tyr

Gln

Leu

Val

535

Leu

Phe

Met

Ile

Ala

615

Ile

Ser

Gln

Gln

Lys

695

Arg

Ile

Ala

Pro

Ser
775

360

Ser

Ser

Thr

Pro

Ser

440

Val

Asn

Ala

Leu

Gln

520

Thr

Lys

Ile

Leu

Val

600

Val

Pro

Thr

Ala

Arg

680

Asp

Asn

Lys

Phe

Leu
760

His

Asn

Pro

Ala

Ser

425

Asp

Ser

Glu

Ile

Trp

505

Asn

Tyr

Val

Val

Pro

585

Glu

Phe

Phe

Lys

Asp

665

Ser

Lys

Ala

Met

Val
745

Glu

Ile

Val

Gln

Asp

410

Met

Gly

Val

Asn

Leu

490

Thr

Ser

Ser

Ser

Ser

570

Leu

Gly

Ser

Thr

Thr

650

Glu

Met

Pro

Asp

Gly

730

His

Tyr

Glu

Leu

Ile

395

Ser

Leu

Gly

Cys

Gly

475

Thr

Asn

Ala

Ser

Phe

555

Lys

Phe

Tyr

Arg

Trp

635

Leu

Phe

Thr

Glu

Ala

715

Ser

His

Glu

Gln

Leu

380

Glu

Glu

Met

Leu

Leu

460

Ser

Ile

Val

Gly

Ile

540

Glu

Lys

Ser

Leu

Thr

620

Thr

Val

Met

Arg

Leu

700

Asn

Gln

Val

Arg

Ala
780

365

Ala

Lys

Ile

Ala

Lys

445

Tyr

Trp

Ala

Gln

Asp

525

Leu

Arg

Arg

Ser

Leu

605

Gly

Leu

Glu

Glu

Ser

685

Asn

Gly

Leu

Met

Val
765

Asp

Leu

Ala

Gly

Glu

430

Ser

Gln

Gly

His

Leu

510

Lys

Leu

Ser

Val

Met

590

Leu

Met

Cys

Met

Ala

670

Cys

Asp

His

Pro

Asp
750

Lys

Asp

Leu

Ala

Asp

415

Ala

Ile

Ala

Ser

Ala

495

Ala

Ala

Ser

Tyr

Ile

575

Glu

Pro

Glu

Asn

Met

655

Val

Ile

Ala

Arg

Ser

735

His

Asn

Asn

Asn

Ala

400

Lys

Phe

Ser

Leu

His

480

Cys

Val

Glu

Lys

Pro

560

Glu

Leu

Gln

Glu

Asn

640

Val

Val

Asp

Ile

Ile

720

Asp

Pro

Glu

Gly
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Arg Phe Ala
785

Arg Ser Ser

Ser Cys Pro

Gln Ala Ser

835

Val Ala Glu
850

Asn Asp Tyr
865

Cys Val Asn

Val Arg Gln

Met Lys Arg

915

Ala Lys Met
930

Asp Val Tyr
945

Asp Leu Ala

Asn Ser Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Gln Leu Glu Ser
790

Phe Tyr Arg Trp Val

805

Tyr Ser Phe Ala Phe

820

His Asn Ala Ala Cys

840

Ala Met Cys Arg His

855

Gly Ser Leu Ala Arg
870

Phe Pro Glu Phe Ala

885

Lys Gln Leu Phe Ser

900

Gly Leu Glu Val Leu

920

Arg Met Leu Glu Lys

935

Gly Gln Ile Tyr Ala
950

His Asp Cys Phe Met

965
D NO 66
H: 996

DNA

Thr Arg Asp
795

Ser Ser Thr
810

Tyr Gln Cys
825

Phe Gln Thr

Leu Ala Val

Asp Arg Asp

875

Gln Ala Gly
890

Leu Ala Glu
905

Thr Glu Met

Val Gln Met

Leu Glu Ile
955

Leu Glu Leu
970

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 66

atgaagtact

gtactctcaa

tcgacgcace

gaagctttgg

tcggaaagec

ggcatccaag

gccaacggceyg

gtcggcgcag

ccecectegac

accaacgaag

atccgetgga

cegttgateg

acgcaggeca

cgectgacge

ttcgataagg

catttaccca

tgaatatttc

tgcacccegyg

ggctctgecy
aaagctctac
cagcatatgg
ctgtcgcaaa

tcccagactt

acggcctggt

ttacgatgat

actcgacgac

tctegtteac

gctacacgee

tcggegtett

tggctgatat

agtggaggga

tcatgaagge

cttgteccegt

aatcccacge

catcagaatg

acgtacaagg

tcgcaggget

atccatcgge

ctactggaac

gctgacggag

acgcttgett

cacgctectyg

caacacggat

gtacagcaag

cgaggacage

catgtgtgte

ggccttteca

agtggtggag

gatatagcat

gtcacccage

gcagtacaga

tcagcaccgt

aactggcaac

ttggagctgg

ctgaaccege

tgtatggcga

ttgtgctgaa

ggcagcagcet

gtcegtcacce

gaggaggtge

ttgcgegace

agcttggtgt

tacttttegy

gaggtgcegt

Asp Phe Glu

Ser Ser Asp

Leu Leu Gly
830

Cys Glu Glu
845

Met Cys Arg
860

Glu Lys Asn

Pro Lys Ser

Phe Glu Arg
910

Ala Ala Gln
925

Phe Cys Asp
940

Leu Arg Val

Pro Ala Gln

ctgaacattt
tatgaccgeg
agagaaactg
tttecatgtta
agcggagecc
agcaagtcga
tgggcaagac
ttgccctgea
taacactcac
cgctegactt
gecatggegte
tcaaggcgca
gcaagtatct
cgtttgggtt
getggtacat

ttgtcgagga

Thr Ala
800

His Thr
815

Phe Glu

Lys Tyr

Met Tyr

Leu Asn
880

Asp Ala
895

Ser Asn

Asp Arg

Val Thr

Gly Cys

960

Trp Ser
975

taattttcta
gatacgcttyg
aaggagcgeg
tccctatgag
ccgageccta
getgcagecg
cccgacgttt
cggtgegtte
aagagcagtyg
cgtccagatce
ctgggtcegg
gcagcagacg
cgtgggcgac
cgcgcagatce
gatggttatg

gggcttgccg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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-continued

aatgcaccgce ccacggagcec gttcagggcg ccttag 996

<210> SEQ ID NO 67

<211> LENGTH: 266

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 67

Met Asn Thr Leu Asn Ala Pro Arg Asn Pro Thr Arg His Pro Ala Met
1 5 10 15

Thr Ala Asp Thr Leu Val Asp Ala Pro Ala Leu Pro His Gln Asn Gly
20 25 30

Ser Thr Glu Glu Lys Leu Lys Glu Arg Gly Ser Phe Gly Lys Leu Tyr
35 40 45

Thr Tyr Lys Arg Ser Pro Arg Ala Leu Gly Ile Gln Ala Val Ala Lys
50 55 60

Ser Ile Gly Leu Glu Leu Glu Gln Val Glu Leu Gln Pro Ala Asn Gly
65 70 75 80

Val Pro Asp Phe Tyr Trp Asn Leu Asn Pro Leu Gly Lys Thr Pro Thr
85 90 95

Phe Val Gly Ala Asp Gly Leu Val Leu Thr Glu Cys Met Ala Ile Ala
100 105 110

Leu His Val Thr Asn Glu Asp Ser Thr Thr Thr Leu Leu Gly Ser Ser
115 120 125

Ser Leu Asp Phe Val Gln Ile Ile Arg Trp Ile Ser Phe Thr Asn Thr
130 135 140

Asp Val Val Thr Arg Met Ala Ser Trp Val Arg Pro Leu Ile Gly Tyr
145 150 155 160

Thr Pro Tyr Ser Lys Glu Glu Val Leu Lys Ala Gln Gln Gln Thr Thr
165 170 175

Gln Ala Ile Gly Val Phe Glu Asp Ser Leu Arg Asp Arg Lys Tyr Leu
180 185 190

Val Gly Asp Arg Leu Thr Leu Ala Asp Ile Met Cys Val Ser Leu Val
195 200 205

Ser Phe Gly Phe Ala Gln Ile Phe Asp Lys Glu Trp Arg Glu Ala Phe
210 215 220

Pro Tyr Phe Ser Gly Trp Tyr Met Met Val Met His Leu Pro Ile Met
225 230 235 240

Lys Ala Val Val Glu Glu Val Pro Phe Val Glu Glu Gly Leu Pro Asn
245 250 255

Ala Pro Pro Thr Glu Pro Phe Arg Ala Pro
260 265

<210> SEQ ID NO 68

<211> LENGTH: 1056

<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 68

ctatcgatga actgectggt ccataagget ctcagtatga teccaaacca actgaggtat 60
cttetgetee cgatactgeg ccagaatett ggtgetegge ctaacatcce ccttccaatt 120
caacaggtag gcgccactee ceggttecce agtaatgect ttagegacct cgecagecte 180
cagcggaaca ccctggggea caatgecctg ctttgetggg tagtgtgecg agetcagatg 240

gaaaagatgt cgctcgecac tctegecgag atccacggaa aacggcttca tgaacggeca 300
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cacgaggtaa

gccaacgaga

ctccatgete

gtgcttgagg

aatcacgegyg

ccgggagtag

ttgttagege

agaaatcceg

ctggcacgeg

gCCCttgggg

accgatgata

gecgatgeca

ggcgttagat

<210>
<211>
<212>
<213>

<400>

ttgtagaagg

ccegggtaga

agggaggtca

tegaggtegg

cttgggeteg

tagcggagag

aaggtactcc

cceggggtea

gegtcecacat

ttcaattget

taggcegteg

ctggtgeege

gettgecaccey

SEQ ID NO 69
LENGTH: 333

TYPE :
ORGANISM: Aspergillus nidu

PRT

SEQUENCE: 69

tcgaaaccgyg
cgtgaatgaa
tggtgatgga
cegtgtttat
acgcctecag
cgaagaggta
gtggacgggt
tgaagagaaa
tcegtacgag
gcagttccga
ggetgtegge
caacaaacaa

tcttcagaga

Met Val Ser Leu Lys Thr Val Gln

1

Leu

Gln

Tyr

Leu

65

Val

Gln

Leu

Leu

Leu

145

Phe

Ser

Met

Tyr

Pro
225

Pro

Ser

Ile

50

Gln

Ser

Gln

Gly

Arg

130

Glu

Glu

Leu

Glu

Pro

210

Val

Asn

Thr

35

Ile

Gln

Leu

Lys

Gly

115

Tyr

Ala

Tyr

Leu

His
195

Gly

Ser

Ile Thr Ala Leu Phe

20

Leu Arg Gln Leu Ala

40

Gly Arg Asn Glu Ala

55

Leu Asn Pro Lys Gly

70

Val Arg Asn Val Asp

85

Lys Leu Asn Phe Leu

100

Arg Asn Glu Thr Val

120

Tyr Ser Arg Met Arg

135

Ser Ser Pro Ser Arg
150

Ser Ile Asn Thr Ala

165

Asn Ala Tyr Lys His

180

Leu Ala Arg Thr His

200

Leu Val Gly Thr Asn

215

Thr Phe Tyr Asn Tyr
230

agctgggaag
actgacggec
gtgcttgtag
ggagtactcyg
cagcgggagy
gtcgatgect
ctcegtetge
gttcagette
cgacacatcc
caagaacggc
gtaacgggcce
ggcegtaatyg

gaccat

lans

Ala Ser Asn
10

Val Gly Gly
25

Arg Tyr Ala

Arg Thr Arg

Arg Phe His

Ala Ala Cys
90

Phe Met Thr
105

Glu Gly Ile

Phe Ile Gln

Val Ile Ser
155

Asp Leu Asp
170

Ser Ile Thr
185

Pro Ala Val

Ile Tyr Thr

Leu Val Trp
235

ctgttggtgt agatgttggt

gggtgggtge

gegttgagca

aagccgecge

aggttctgaa

tcgacggttt

ataccgttte

ttetgetget

gectegatga

cgggtgcgag

agctggegea

ttggggagcyg

Ala

Thr

Asp

Pro

60

Phe

Gln

Pro

Asp

Asn

140

Val

Leu

Met

Ser

Asn

220

Pro

Gly

Ser

Ser

45

Phe

Ile

Gln

Gly

Tyr

125

Leu

Tyr

Lys

Thr

Phe
205

Ser

Phe

Leu

Gly

30

Pro

Leu

Glu

Ile

Gly

110

Leu

Leu

Gly

His

Ser
190
Ile

Phe

Met

gggcgaggtyg
gggagaagtt
cgtagacget
taaagcgcat
ctgtatcttt
ggceccectag
ggagaatctg
agtggaagcg
cctegttgeg
gggtgcetetg

cccgaaggec

Arg Ala

Ile Gly

Thr Ala

Ser Glu

Ala Asp

Leu Gln

95

Ile Ser

Phe Ala

Pro Leu

Gly Gly

160

Asn Phe

175

Leu Ser

His Val

Pro Ala

Lys Pro
240

360

420

480

540

600

660

720

780

840

900

960

1020

1056
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-continued
Phe Ser Val Asp Leu Gly Glu Ser Gly Glu Arg His Leu Phe His Leu
245 250 255
Ser Ser Ala His Tyr Pro Ala Lys Gln Gly Ile Val Pro Gln Gly Val
260 265 270
Pro Leu Glu Ala Gly Glu Val Ala Lys Gly Ile Thr Gly Glu Pro Gly
275 280 285
Ser Gly Ala Tyr Leu Leu Asn Trp Lys Gly Asp Val Arg Pro Ser Thr
290 295 300
Lys Ile Leu Ala Gln Tyr Arg Glu Gln Lys Ile Pro Gln Leu Val Trp
305 310 315 320
Asp His Thr Glu Ser Leu Met Asp Gln Ala Val His Arg
325 330
<210> SEQ ID NO 70
<211> LENGTH: 1036
<212> TYPE: DNA
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 70
atggttgatg caacgtctcc ccccggegte aacgcagtgg tgaattacta cgtgeccaac 60
agcgatgggt ctcegectge caccaacgac atggccgtea tgctgggeca aaaggacatg 120
atttcccaca aaatgcgaat ccgcgatctg cgeccttaca aggaggagta ttcgetggat 180
cgcaacggcet tccagtacgce gacgatccac tcecacgctta cggatgccac cgacgagacce 240
cagatcaaag aggtctacta ccgagagatt gagaaactgg tccaagatat gtgegtgtge 300
tegttegect ccatgacgceg ctagtctaat ctgcatgaat actgcagcac cggggccaag 360
cgggtgettyg ccttecacca tgcagtgege acccgcaceyg gcaacgagtt cggcgagcag 420
atcaaagacc gctaccaggg cgtcgagggg cecgegtate gegtacacat tgaccagace 480
ccecagggeg cgctcagecat cgtgcagttt atgtttceeeg atctegegga cgatgtecge 540
aacggcagtt tccaggtgat caacgtttgg cgeccgttga cgegggtgca gegtgaccce 600
ctgatggtgg ctgatgegge cgagatgecg cecgaggace tgcttctaat cagecggaag 660
tattacaacg ggctgcattc gtccaacttt gtcattaagt atgatggtcg aatggcggcet 720
ggggagggcee cgacggatgg gctgageggt gatggaaage atagetggtg gtatatcggg 780
gaccaggagce ccaccgaagce gttggtttte tectcatctg gettcecegcaa tggaaaggeg 840
atcatcggca cggcacatgg tgcgttetgt ttgectgate aagatcagta cccagetcegt 900
cagagcattg agtgtcggtg tgttgctatce tattgataaa tcatgtctag acctttacte 960
ggcagaacca atgataaatg catatgaacg caagaatgct agctcattat atggccatga 1020
tgagtcccag atatag 1036
<210> SEQ ID NO 71
<211> LENGTH: 295
<212> TYPE: PRT
<213> ORGANISM: Aspergillus nidulans
<400> SEQUENCE: 71

Met Val Asp Ala Thr Ser Pro

1

Tyr Val Pro Asn Ser Asp Gly

Val Met Leu Gly Gln Lys Asp

35

5

20

40

10

25

45

30

Pro Gly Val Asn Ala Val Val Asn Tyr

15

Ser Pro Pro Ala Thr Asn Asp Met Ala

Met Ile Ser His Lys Met Arg Ile Arg
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Asp

Gln

65

Gln

Ile

Arg

Val

Ala

145

Arg

Val

Glu

Ser

Pro

225

Gly

Arg

Glu

Gly

Leu

50

Tyr

Ile

Thr

Thr

Glu

130

Leu

Asn

Gln

Asp

Asn

210

Thr

Asp

Asn

Pro

His
290

Arg

Ala

Lys

Gly

Gly

115

Gly

Ser

Gly

Arg

Leu

195

Phe

Asp

Gln

Gly

Met

275

Asp

Pro Tyr Lys Glu Glu

55

Thr Ile His Ser Thr

70

Glu Val Tyr Tyr Arg

85

Ala Lys Arg Val Leu

100

Asn Glu Phe Gly Glu

120

Pro Ala Tyr Arg Val

135

Ile Val Gln Phe Met
150

Ser Phe Gln Val Ile

165

Asp Pro Leu Met Val

180

Leu Leu Ile Ser Arg

200

Val Ile Lys Tyr Asp

215

Gly Leu Ser Gly Asp
230

Glu Pro Thr Glu Ala

245

Lys Ala Ile Ile Gly

260

Ile Asn Ala Tyr Glu

280

Glu Ser Gln Ile

<210> SEQ ID NO 72
<211> LENGTH: 1706
<212> TYPE: DNA

<213> ORGANISM: Aspergillus nidu

<400> SEQUENCE: 72

atggacaact atacctggca

gatcgetege

accectggteg

gagccgaaat

ggatacgcca

gtacaagaac

caagtatgtc

tatcaagaat

tacgcgcatg

gtcggagete

cgtcaatgtyg

gggcegtecce

agctctatct

catattccaa

ggttggtagg

aggtacgcaa

gccatgttcea

gaggaactge

ctcectgggaa

ctgcagacca

ctcttegeca

ttccacatcg

gectgecgcea

295

ctctgggace

ggagatccte

atccttcaag

actacgttte

tgctaccgtt

aggtcgeeeg

gatccctgee

agtactcgac

agctgaccce

tggaccagga

ttettegeat

atgaggaatg

Tyr Ser Leu
Leu Thr Asp
75

Glu Ile Glu
90

Ala Phe His
105

Gln Ile Lys

His Ile Asp

Phe Pro Asp
155

Asn Val Trp
170

Ala Asp Ala
185

Lys Tyr Tyr

Gly Arg Met

Gly Lys His

235

Leu Val Phe
250

Thr Ala His
265

Arg Lys Asn

lans

ctcatceett
ggcgttetta
gececttteyg

tcccagggey

ccececcaggac
caacgactca
tgacgagaag
cacgctgatce
taatctcgge
gatcceegeyg
cgtggegege

getecagace

Asp Arg Asn Gly Phe

60

Ala

Lys

His

Asp

Gln

140

Leu

Arg

Ala

Asn

Ala

220

Ser

Ser

Asp

Ala

Thr

Leu

Ala

Arg

125

Thr

Ala

Pro

Glu

Gly

205

Ala

Trp

Ser

Leu

Ser
285

Asp

Val

Val

110

Tyr

Pro

Asp

Leu

Met

190

Leu

Gly

Trp

Ser

Tyr

270

Ser

ccgattcace

gegtggtceta

tgggctteey

ctctggegea

tctgtctaat

gacatcctgg

atcagcgeca

ctcctggaga

tcctteateg

aacctagacg

atctcegeac

tctattcact

Glu Thr
80

Gln Asp
95

Arg Thr

Gln Gly

Gln Gly

Asp Val
160

Thr Arg
175

Pro Pro

His Ser

Glu Gly

Tyr Ile
240

Gly Phe
255

Ser Ala

Leu Tyr

atcatccatt
cctgetecaa
attctggtat
ggtcaatgaa
gegettgaca
ttatccccaa
tcegegegea
gegacctgca
aggtcatcga
actggcagag
gegtgttett

acaccgagaa

60

120

180

240

300

360

420

480

540

600

660

720
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-continued
cgtetttgeg accgtcatge tgttgeggeg cttccccaag tggatgcacce cgattgtggg 780
acacctccte cccagctact gggcaatcca caggaacctg cggaccgcga agcegcatcat 840
cagtcccatg gtgcgccage gccgcgcaga agaggccaag cggaacccgg actatgtaaa 900
gcccaacgat ctcctccagt ggatgatgga cggcgcaaac gagaacgacg ggcagcccga 960
caagctggeg caccgccage tcectcectaag cctggcttec atccacacaa caaccatggce 1020

ggcggcgecac tgcttctacg atctctgecca acatcccgag tactttgage cgttgcgega 1080
ggagatcaac gacgtaattg cccaggatgg cggctggaaa aagaccactc tcaacaagat 1140
gcgcaagetyg gacagcttte ttaaagaaag ccaacgcatc aacccgccca gtctcectgtag 1200
gtactccttyg tcatatccga taaacaattc cgctaacgcet ttcectccagtg gcattcaacce 1260
gcattgtcete ggaagacctg acgctctegg acggcacccet cctgcccaaa ggaacgcatt 1320
tcagcatgee ctcegeggece atcctecagg acaacggegt ggaaccceggt gcecgaccaat 1380
tcgatgggtt ccgatactac aagaagcegece tcaaccccga ggaagccaac aagcaccagt 1440
tcgccatgac cgacaacaac aacctccatt ttggccacgg caagtactca tgtcccggcece 1500
gcttettege cteccaacgag atcaagatca tcatggcgca cctgttgacce gactacgaat 1560
tcaaatacce ccggggegceg acaaggecge ggaatctgac ggecgatgag aacctgtate 1620
cagatcecgtce ggcacgtcetg ctcatgagac gacgggtggt ggctccgceg caggcegtcega 1680
tcacgccegca gecttgtcectea gectag 1706
<210> SEQ ID NO 73

<211> LENGTH: 534

<212> TYPE: PRT

<213> ORGANISM: Aspergillus nidulans

<400> SEQUENCE: 73

Met Asp Asn Tyr Thr Trp His Ser Gly Thr Leu Ile Pro Ser Asp Ser
1 5 10 15

Pro Ser Ser Ile Asp Arg Ser Gln Leu Tyr Leu Glu Ile Leu Gly Val
Leu Ser Val Val Tyr Leu Leu Gln Thr Leu Val Ala Tyr Ser Lys Ser
35 40 45

Phe Lys Ala Pro Phe Val Gly Phe Arg Phe Trp Tyr Glu Pro Lys Trp
50 55 60

Leu Val Gly Leu Arg Phe Ser Gln Gly Ala Leu Ala Gln Val Asn Glu
65 70 75 80

Gly Tyr Ala Lys Tyr Lys Asn Ala Met Phe Lys Val Ala Arg Asn Asp
85 90 95

Ser Asp Ile Leu Val Ile Pro Asn Lys Tyr Val Glu Glu Leu Arg Ser
100 105 110

Leu Pro Asp Glu Lys Ile Ser Ala Ile Arg Ala His Ile Lys Asn Leu
115 120 125

Leu Gly Lys Tyr Ser Thr Thr Leu Ile Leu Leu Glu Ser Asp Leu His
130 135 140

Thr Arg Met Leu Gln Thr Lys Leu Thr Pro Asn Leu Gly Ser Phe Ile
145 150 155 160

Glu Val Ile Glu Ser Glu Leu Leu Phe Ala Met Asp Gln Glu Ile Pro
165 170 175

Ala Asn Leu Asp Asp Trp Gln Ser Val Asn Val Phe His Ile Val Leu
180 185 190
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Arg

Cys

Val

225

Pro

Leu

Ala

Leu

Lys

305

Thr

Glu

Asp

Ser

Phe

385

Leu

Asp

Tyr

Met

Pro

465

Leu

Arg

Leu

Pro

Ile

Arg

210

Phe

Ile

Arg

Glu

Gln

290

Leu

Thr

Tyr

Gly

Phe

370

Asn

Pro

Asn

Lys

Thr

450

Gly

Leu

Asn

Leu

Gln
530

Val

195

Asn

Ala

Val

Thr

Glu

275

Trp

Ala

Met

Phe

Gly

355

Leu

Arg

Lys

Gly

Lys

435

Asp

Arg

Thr

Leu

Met

515

Leu

Ala

Glu

Thr

Gly

Ala

260

Ala

Met

His

Ala

Glu

340

Trp

Lys

Ile

Gly

Val

420

Arg

Asn

Phe

Asp

Thr

500

Arg

Val

Arg

Glu

Val

His

245

Lys

Lys

Met

Arg

Ala

325

Pro

Lys

Glu

Val

Thr

405

Glu

Leu

Asn

Phe

Tyr

485

Ala

Arg

Ser

<210> SEQ ID NO 74

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Aspergillus nidulans

PRT

<400> SEQUENCE:

746

74

Ile

Trp

Met

230

Leu

Arg

Arg

Asp

Gln

310

Ala

Leu

Lys

Ser

Ser

390

His

Pro

Asn

Asn

Ala

470

Glu

Asp

Arg

Ala

Ser

Leu

215

Leu

Leu

Ile

Asn

Gly

295

Leu

His

Arg

Thr

Gln

375

Glu

Phe

Gly

Pro

Leu

455

Ser

Phe

Glu

Val

Ala

200

Gln

Leu

Pro

Ile

Pro

280

Ala

Leu

Cys

Glu

Thr

360

Arg

Asp

Ser

Ala

Glu

440

His

Asn

Lys

Asn

Val
520

Arg

Thr

Arg

Ser

Ser

265

Asp

Asn

Leu

Phe

Glu

345

Leu

Ile

Leu

Met

Asp

425

Glu

Phe

Glu

Tyr

Leu

505

Ala

Val

Ser

Arg

Tyr

250

Pro

Tyr

Glu

Ser

Tyr

330

Ile

Asn

Asn

Thr

Pro

410

Gln

Ala

Gly

Ile

Pro

490

Tyr

Pro

Phe

Ile

Phe

235

Trp

Met

Val

Asn

Leu

315

Asp

Asn

Lys

Pro

Leu

395

Ser

Phe

Asn

His

Lys

475

Arg

Pro

Pro

Leu

His

220

Pro

Ala

Val

Lys

Asp

300

Ala

Leu

Asp

Met

Pro

380

Ser

Ala

Asp

Lys

Gly

460

Ile

Gly

Asp

Gln

Gly

205

Tyr

Lys

Ile

Arg

Pro

285

Gly

Ser

Cys

Val

Arg

365

Ser

Asp

Ala

Gly

His

445

Lys

Ile

Ala

Pro

Ala
525

Val

Thr

Trp

His

Gln

270

Asn

Gln

Ile

Gln

Ile

350

Lys

Leu

Gly

Ile

Phe

430

Gln

Tyr

Met

Thr

Ser

510

Ser

Pro

Glu

Met

Arg

255

Arg

Asp

Pro

His

His

335

Ala

Leu

Leu

Thr

Leu

415

Arg

Phe

Ser

Ala

Arg

495

Ala

Ile

Ala

Asn

His

240

Asn

Arg

Leu

Asp

Thr

320

Pro

Gln

Asp

Ala

Leu

400

Gln

Tyr

Ala

Cys

His

480

Pro

Arg

Thr

Met Tyr Pro Trp Ser Ser Thr Gly Thr Ser Pro Phe Ser His Pro Asp

1

5

10

15

Asn Glu Gly Ala Glu Ser Gly Asp Met Ser Met Gly Glu Glu Gln Gln

20

25

30
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Trp
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Val
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The invention claimed is:
1. A method for producing terpenes in fungi, comprising

the steps of:

(a) providing a nucleic acid encoding a transcription factor,
wherein said transcription factor activates a terpene bio-
synthetic gene cluster, and wherein said transcription
factor comprises a polypeptide having at least 90%
sequence identity to SEQ ID NO: 74;

(b) operably linking said nucleic acid to a promoter, to
produce an expression construct;

(c) transforming said expression construct into a host cell
carrying a terpene biosynthetic gene cluster; and

(d) cultivating said host cell under conditions which allow
expression of the transcription factor, and which allow
activation of the terpene biosynthetic gene cluster by the
transcription factor.

2. The method of claim 1, wherein said terpene is ent-

pimara-8(14),15-diene, or a derivative thereof.
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3. The method of claim 1, wherein said transcription factor

comprises a polypeptide having at least 95% sequence iden-
tity to SEQ ID NO: 74.

4. The method of claim 1, wherein the host cell is Aspergil-

lus nidulans.

5. The method of claim 1, wherein the terpenes are diter-

penoids.

6. A host fungus comprising a terpene biosynthetic gene

cluster comprising the genes encoding:

(a) a polypeptide having at least 90% identity to SEQ ID
NO: 65, a polypeptide having at least 90% identity to
SEQ ID NO: 63, a polypeptide having at least 90%
identity to SEQ ID NO: 61 and

(b) a polypeptide having at least 90% identity to SEQ ID
NO: 67, a polypeptide having at least 94% identity to
SEQ ID NO: 73, a polypeptide having at least 90%
identity to SEQ ID NO: 69, a polypeptide having at least
90% identity to SEQ ID NO: 71,
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and wherein said host fungus has been transformed with

an expression construct comprising a nucleic acid

encoding a transcription factor, wherein said nucleic

acid is operably linked to a promoter, and wherein

said transcription factor comprises a polypeptide hav-

ing at least 90% sequence identity to SEQ ID NO: 74.

7. The production host of claim 6, wherein the terpene

biosynthetic gene cluster further comprises a nucleic acid

sequence encoding a polypeptide having at least 90% identity
to SEQ ID NO: 59.

8. A method for producing terpenes in fungi, comprising

the steps of:

(a) providing a nucleic acid encoding a transcription factor,
wherein said transcription factor activates a terpene bio-
synthetic gene cluster, and wherein said transcription
factor comprises a polypeptide having at least 90%
sequence identity to SEQ ID NO: 74;

(b) operably linking said nucleic acid to a promoter, to
produce an expression construct;

(c) transforming said expression construct into a host cell
carrying a terpene biosynthetic gene cluster;

(d) cultivating said host cell under conditions which allow
expression of the transcription factor, and which allow
activation of the terpene biosynthetic gene cluster by the
transcription factor; and

(e) recovering the terpene product.
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9. A method for producing terpenes, said method compris-
ing cultivating a host fungus which comprises a terpene bio-
synthetic gene cluster comprising the genes encoding:

(a) a polypeptide having at least 90% identity to SEQ ID
NO: 65, a polypeptide having at least 90% identity to
SEQ ID NO: 63, a polypeptide having at least 90%
identity to SEQ ID NO: 61 and

(b) a polypeptide having at least 90% identity to SEQ ID
NO: 67, a polypeptide having at least 94% identity to
SEQ ID NO: 73, a polypeptide having at least 90%
identity to SEQ ID NO: 69, a polypeptide having at least
90% identity to SEQ ID NO: 71,
and wherein said host fungus has been transformed with

an expression construct comprising a nucleic acid
encoding a transcription factor, wherein said nucleic
acid is operably linked to a promoter, and wherein
said transcription factor comprises a polypeptide hav-
ing at least 90% sequence identity to SEQ ID NO: 74.

10. The method of claim 9, wherein the terpene biosyn-
thetic gene cluster further comprises a nucleic acid sequence
encoding a polypeptide having at least 90% identity to SEQ
ID NO: 59.

11. The method of claim 9, wherein said method further
comprises the step of recovering the terpene product.
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